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Five-Year Review Summary Form 

SITE IDENTIFICATION 

Site name (from WasteLAN):  Naval Air Station Whidbey Island (Ault); Naval Air Station Whidbey Island (Seaplane) 

EPA ID (from WasteLAN): WA5170090059 (Ault); WA6170090058 (Seaplane) 

Region: 10 State: WA City/County: Island County 

SITE STATUS 

NPL status:  • Final  □ Deleted √ Other (specify)  OU1 through OU5 are addressed by this Five-Year Review, both Final 
NPL Status (OU1, OU2, OU3, and OU5) and Deleted NPL Status (OU4) 

Remediation status (choose all that apply):  □ Under Construction  √ Operating  √ Complete 

Multiple OUs?*  √ YES  □ NO Construction completion date:  _09_ / 25_ / 97  Variable (multiple OUs) 

Has site been put into reuse?  □ YES  √ NO 

REVIEW STATUS 

Lead agency:  □ EPA  □ State  □ Tribe  √ Other Federal Agency  U.S. Navy Engineering Field Activity Northwest 

Author name:  David Di Cesare, P.E. 

Author title:  Environmental Engineer / Consultant Author affiliation:  The Environmental Company, Inc. (TEC) 

Review period:**  09 / 01 / 1997  to  12 / 31 / 2001 

Date(s) of site inspection:  07 / 08 / 2002  to 07 / 12 / 2002 (TEC) and 09 / 09/ 2003 (USEPA) 

Type of review:  Variable (multiple OUs) 

√ Post-SARA □ Pre-SARA     NPL-Removal only 

√ Non-NPL Remedial Action Site    □ NPL State/Tribe-lead 

□ Regional Discretion 

Review number:  □ 1 (first)  □ 2 (second)  □ 3 (third)  √ Other (specify)  First (OU4); Second (OU1, OU2, OU3, OU5) 

Triggering action: 

□ Actual RA Onsite Construction at OU #____ □ Actual RA Start at OU#____ 

□ Construction Completion     √ Previous Five-Year Review Report 

□ Other (specify)  

Triggering action date (from WasteLAN):  09 / 25 / 1998* * from USEPA CERCLIS database 

Due date (five years after triggering action date):  09 / 25 / 2003 

* [“OU” refers to operable unit.] 

** [Review period should correspond to the actual start and end dates of the Five-Year Review in WasteLAN.] 



 

 

 

Five-Year Review Summary Form, cont’d. 
Issues: 

General.  Discussions with the U.S. Environmental Protection Agency (USEPA) on the overall topic of the 
implementation of institutional controls (i.e., land use controls) at Department of Defense (DoD) installations 
nationwide were resolved in October 2003. 

OU1, Area 6.  Technical complications associated with biofouling and bioscaling that have arisen during the 
operation of the groundwater extraction, treatment, and recharge system.  

OU1, Area 6.  Identification of the compound 1,4-dioxane initially, in the influent to the groundwater extraction, 
treatment, and recharge system; and subsequently, identification of the compound 1,4-dioxane above the 
Washington State Model Toxics Control Act (MTCA) Method B groundwater cleanup level concentration (7.95 µg/L) 
in groundwater samples from production wells and monitoring wells. 

OU1, Area 6.  Vadose zone sampling indicates a strong stability in volatile organic compound (VOC) concentrations 
in the vadose zone at Area 6 over the past 10 years; additional monitoring may be required to ensure that the 
relatively recent removal of the dense non-aqueous phase liquid (DNAPL) source that was determined to be 
contributing to the vadose zone VOC concentrations results in decreased VOC concentrations. 

OU3, Area 16.  Additional sediment sampling conducted at Area 16 indicating the presence of poly-aromatic 
hydrocarbons (PAHs), arsenic, lead, diesel-range organics (DRO), and residual range organics (RRO).  The Area 16 
runway drainage ditches receive contaminates from non-point sources such as streets, parking lots and runways. 

OU5, Area 52.  Recovery systems remain active and quarterly monitoring is still conducted; despite product 
recoveries and product thickness measurements showing limited amounts of free product suggesting that the active 
skimming free product recovery system can be terminated. 

OU5, Area 52.  System No. 1 has not recovered petroleum product in three quarters despite recoverable product 
being measured in the wells; additional efforts are required to improve product recovery efficiency of this system. 

OU5, Area 31.  There is an upward trend in the levels of total petroleum hydrocarbons – diesel range organics (TPH-
DRO) in one of the groundwater monitoring wells. 

Recommendations and Follow-up Actions: 

General.  Continue with the implementation of institutional controls at OU1 through OU5. 

General.  Finalize the Draft ESD addressing institutional controls at OU1 through OU5 at NAS Whidbey Island.  
Implement institutional controls in accordance with the Final ESD. 

General.  Evaluate the continued implementation of institutional controls at OU1 through OU5 at NAS Whidbey Island 
at the time of the next Five-Year Review. 

OU1, Area 6.  Continue the operation of the groundwater extraction, treatment, and recharge system (and the 
associated monitoring and reporting). 

OU1, Area 6.  Further investigate the presence and migration of the compound 1,4-dioxane in groundwater at Area 6 
as soon as possible.  Evaluate the compound 1,4-dioxane as a COC at Area 6, conduct a human health and 
ecological risk assessment, and evaluate necessary remedial alternatives based on the findings of the assessment 
as soon as possible. 



 

 

 

Five-Year Review Summary Form, cont’d. 
OU1, Area 6.  Conduct additional monitoring of VOC concentrations in vadose zone soils to evaluate the effect of the 
DNAPL source removal action and to evaluate the migration of VOC compounds. 

OU2, Area 2/3.  Continue groundwater use restrictions. 

OU2, Area 2/3.  Collect an additional round of groundwater samples at the time of the next Five-Year Review.  
Groundwater samples should be analyzed for VOCs, total arsenic, and total manganese. 

OU2, Area 4.  Continue groundwater use restrictions. 

OU2, Area 4.  Collect an additional round of groundwater samples at the time of the next Five-Year Review.  
Groundwater samples should be analyzed for total arsenic. 

OU2, Area 14.  Continue groundwater use restrictions. 

OU2, Area 29.  Continue groundwater use restrictions. 

OU2, Area 29.  Collect an additional round of groundwater samples at the time of the next Five-Year Review.  
Groundwater samples should be analyzed for total arsenic. 

OU3, Area 16.  Ensure that institutional controls are in place to maintain Area 16 as an industrial area. 

OU3, Area 16.  Continue to monitor the drainage ditch sediments for recontamination and evaluate compliance with 
MTCA standards for industrial sites.  Identify sources of recontamination and determine what, if any, additional 
measures can be taken to limit recontamination. 

OU5, Area 31.  Continue with groundwater monitoring at Area 31 until the USEPA and U.S. Navy jointly agree that 
monitoring is no longer necessary.  The USEPA and U.S. Navy should evaluate whether or not additional treatment 
may be necessary. 

OU5, Area 52.  Continue the operation of the product recovery system (and the associated monitoring and reporting). 

OU5, Area 52.  Conduct confirmatory seep sampling after site remediation is complete (i.e.,. after the shut-down of 
the product recovery system). 

Protectiveness Statement(s): 

All remedies identified in the RODs for OU1 through OU5 have been constructed, implemented, and in some cases 
are complete.  These remedies remain protective of human health and the environment, or are expected to be 
protective upon completion for previously known COCs.  In the interim, a potential new COC at OU1 (Area 6) and the 
exposure pathways that could result in unacceptable risks are being investigated and further investigations are 
required at OU3 (Area 16) to evaluate recontamination. 

Other Comments: 

None. 
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EXECUTIVE SUMMARY 

This Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) §121(c) Five-Year Review (hereinafter referred to as the Review) addresses 
Operable Units 1 through 5 (OU1 through OU5) at Naval Air Station (NAS) Whidbey 
Island, Oak Harbor, Washington. 

This Review is the second review for NAS Whidbey Island and is being conducted to 
meet the statutory mandate under CERCLA §121(c).  An initial Five-Year Review of 
OU1, OU2, OU3, and OU5 was conducted in 1997 (EFANW, 1998).  A Five-Year 
Review of OU4 was not required by U.S. Environmental Protection Agency (USEPA) 
policy at the date of the initial Five-Year Review. 

This Review evaluates the implementation and performance of remedies to determine if 
the remedies are and will continue to be protective of human health and the 
environment.  Under CERCLA §121(c), a periodic review is required when hazardous 
substances, pollutants, or contaminants remain on-site above levels that allow for 
unlimited use and unrestricted exposure [40 CFR §300.430(f)(4)(ii)]. 

This Review was conducted in accordance with USEPA Comprehensive Five-Year 
Review Guidance, Office of Solid Waste and Emergency Response (OSWER) No. 
9355.7-03B-P, June 2001 (USEPA, 2001).  This Review was also conducted in 
accordance with the Records of Decision (RODs) addressing OU1 through OU5, 
CERCLA §121(c), the National Contingency Plan (NCP), and the initial Five-Year 
Review of OU1 through OU3, and OU5. 

The Review process consists of establishing a Review Team; notifying potentially 
interested parties and involving the community in the review process; developing the 
draft Review report (document reviews, site inspections, interviews, and data 
evaluation); and ultimately signing and submitting the final Review report. 

This Review documents the actions taken at OU1 through OU5 since the initial Five-
Year Review (see Section 3.0).  This Review also summarizes a technical assessment 
of the remedy(ies) implemented at each of the five OUs and presents any issues of 
concern (see Section 5.0). 

This Review determined that the remedy(ies) implemented at each of the five OUs are 
functioning as intended; that exposure assumptions, toxicity data, cleanup levels, and 
remedial action objectives remain valid, and that no other information has come to light 
that could call into question the protectiveness of most of the remedy(ies).  Exceptions 
are the recontamination of the runway drainage ditches at Area 16 and the potential new 
contaminant of concern (COC) (1,4-dioxane) at Area 6. 

This Review provides recommendations and follow-up actions, both in general and 
specific to each of the five OUs (see Section 6.0).  Two general recommendations are 
made, i.e., that an Explanation of Significant Differences (ESD) addressing OU1 through 
OU5 be finalized by NAS Whidbey Island, and that the continued implementation of 
institutional controls be evaluated at the time of the next Five-Year Review.  Several 



NAS Whidbey Island 

 

 

April 2004  ES-2 

specific recommendations are made with regard to individual areas within individual OUs 
and these recommendations address such actions as the collection of an additional 
round of groundwater samples at the time of the next Five-Year Review, the continued 
operation of existing remedial systems, and the continued monitoring of groundwater. 

This Review also provides protectiveness statements (see Section 7.0).  The following 
comprehensive protectiveness statement is made and addresses the remedies 
implemented at all five OUs: 

All remedies identified in the RODs for OU1 through OU5 have been 
constructed, implemented, and in some cases are complete.  These 
remedies remain protective of human health and the environment, or are 
expected to be protective upon completion for previously known COCs.  
In the interim, a potential new COC at OU1 (Area 6) and the exposure 
pathways that could result in unacceptable risks are being investigated 
and further investigations are required at OU3 (Area 16) to evaluate 
recontamination. 
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1.0 INTRODUCTION 

This Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) §121(c) Five-Year Review (hereinafter referred to as the Review) addresses 
Operable Units 1 through 5 (OU1 through OU5) at Naval Air Station (NAS) Whidbey 
Island, Oak Harbor, Washington.  It has been conducted by The Environmental 
Company, Inc. (TEC) for the U.S. Navy under Contract No. N44255-98-D-4416, Task 
Order (CTO) 041. 

1.1 PURPOSE 
This Review is the second review for NAS Whidbey Island and is being conducted to 
meet the statutory mandate under CERCLA §121(c).  This Review evaluates the 
implementation and performance of remedies to determine if the remedies are and will 
continue to be protective of human health and the environment. 

An initial Five-Year Review of OU1, OU2, OU3, and OU5 was conducted by the U.S. 
Navy in 1997 (EFANW, 1998).  A Five-Year Review of OU4 was not required by U.S. 
Environmental Protection Agency (USEPA) policy at the date of the initial Five-Year 
Review. 

Under CERCLA §121(c), a periodic review is required when hazardous substances, 
pollutants, or contaminants remain on-site above levels that allow for unlimited use and 
unrestricted exposure [40 CFR §300.430(f)(4)(ii)].  The periodic review is to be 
conducted no less often than every 5 years after the initiation of a remedial action to 
ensure that the remedy is operating as planned and remains protective of human health 
and the environment.  The periodic review should also identify possible deficiencies and 
recommend corrective actions. 

The conduct of a Five-Year Review may be discontinued when no hazardous 
substances, pollutants, or contaminants remain on-site above levels that allow for 
unlimited use and unrestricted exposure. 

1.2 METHODOLOGY 
This Review was conducted in accordance with USEPA Comprehensive Five-Year 
Review Guidance, Office of Solid Waste and Emergency Response (OSWER) No. 
9355.7-03B-P, June 2001 (USEPA, 2001).  This Review was also conducted in 
accordance with the Records of Decision (RODs) addressing OU1 through OU5, 
CERCLA §121(c), the National Contingency Plan (NCP), and the initial Five-Year 
Review of OU1 through OU3, and OU5. 

This Review covers all areas being remediated under the authority of CERCLA and 
where remaining on-site hazardous substances, pollutants, or contaminants are above 
levels that allow for unlimited use and unrestricted exposure (see Section 1.3 for a more 
complete discussion regarding the specific areas that comprise these areas at NAS 
Whidbey Island). 
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Details regarding the specific activities conducted in support of this Review are 
presented in Section 4.0. 

1.3 BACKGROUND 

Whidbey Island is located in Island County, Washington at the confluence of Puget 
Sound and the Strait of Juan de Fuca.  The island is approximately 45 miles long and 
includes NAS Whidbey Island at its northern end.  NAS Whidbey Island occupies 
approximately 7,000 acres of rural land and is located north of the city of Oak Harbor. 

NAS Whidbey Island was commissioned on 21 September 1942 and is actually 
composed of two bases located approximately 5 miles apart:  Seaplane Base and Ault 
Field.  Seaplane Base is the center for military family activities, while Ault Field contains 
most of the NAS operational activities.  The Family Service Center, Navy Housing Office, 
Commissary, and Exchange are located on Seaplane Base.  Most of the families reside 
in military housing units on Seaplane Base with the remainder of housing and barracks 
on Ault Field.  Figure 1-1 is a map illustrating the location of NAS Whidbey Island 
including both the Seaplane Base and Ault Field. 

1.3.1 NAS WHIDBEY ISLAND MISSION 
The mission of NAS Whidbey Island is to provide the highest quality facilities, services, 
and materials to the aviation community and other organizations utilizing NAS Whidbey 
Island.  To accomplish this mission, there are over 8,000 assigned military personnel, 
and 2,000 civilian personnel employed by NAS Whidbey Island. 

NAS Whidbey Island is home to all of the U.S. Navy's electronic warfare squadrons 
flying the Grumman EA-6B Prowler.  NAS Whidbey is also the west coast training and 
operation center for the remaining Grumman A-6 Intruder attack bomber squadrons.  
Additionally, NAS Whidbey Island is base to four Maritime Patrol Aviation squadrons 
flying the Lockheed P-3C Orion aircraft, one Fleet Air Reconnaissance squadron flying 
the EP-3E Aries, and a Fleet Logistics Support squadron flying the Douglas C-9B.  NAS 
Whidbey Island is also the home of "Team Whidbey" Search and Rescue flying the 
Sikorski SH-3D Sea King helicopter. 

NAS Whidbey Island also serves as a center of activity for northwest U.S. Navy Reserve 
and U.S. Marine Corps Reserve training exercises.  Approximately 1,300 reservists from 
the states of Washington, Oregon, Idaho, and parts of Montana participate in 
mobilization exercises on a monthly basis.  These reservists are supported by a core of 
over 200 active duty and civilian personnel. 

1.3.2 RECORDS OF DECISION 
In February 1990, areas of Seaplane Base and Ault Field facilities of NAS Whidbey 
Island were placed on the USEPA CERCLA National Priorities List (NPL) of 
contaminated areas requiring environmental investigations and potential cleanup (6154 - 
6164 Federal Register / Vol. 55, No. 35 / Wednesday, February 21, 1990 / Rules and 
Regulations). 
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Between 1992 and 1996, five separate RODs were developed by the U.S. Navy and the 
USEPA addressing the five OUs at NAS Whidbey Island.  Each ROD documents the 
conduct of a remedial investigations (RI) and Feasibility Study (FS); establishes the 
contaminants of concern (COCs) and the associated action levels; documents the 
evaluation of remedial alternatives; selects a remedial alternative (or combination of 
alternatives); and documents the overall U.S. Navy and USEPA decision process and 
selection of the remedial action. 

The five RODs for OU1 through OU5 at NAS Whidbey Island are collectively identified in 
Table 1-1 below. 
 

Table 1-1 Records of Decision, OU1 through OU5 

Operable Unit ROD Identification ROD Date 
OU1 Interim Action ROD April 1992 
OU1 EPA/ROD/R10-94/075 20 December 1993 
OU2 EPA/ROD/R10-94/077 17 May 1994 
OU3 EPA/ROD/R10-95/113 14 April 1995 
OU4 EPA/ROD/R10-92/034 15 December 1993 
OU5 EPA/ROD/R10-96/142 10 July 1996 

1.3.3 OPERABLE UNITS 
An overview of the five OUs is provided in Table 1-2; including a description of the areas 
associated with each OU, the contaminated media, the selected remedial action(s), and 
the COCs. 

1.3.4 INITIAL FIVE-YEAR REVIEW 
An initial Five-Year Review addressing OU1, OU2, OU3, and OU5 was conducted in 
1997 and is documented in Environmental Restoration Five-Year Review, NAS Whidbey 
Island, Ault Field, Oak Harbor, Washington (EFANW, 1998). 

The initial Five-Year Review concluded that the remedies for OU1, OU2, OU3, and OU5 
remained protective of human health and the environment.  The initial Five-Year Review 
detailed recommendations with regard to each of the OUs that are addressed later in 
this document (see Section 3.0) and placed all OUs on a common review timeline. 

A Five-Year Review of OU4 has not been conducted by the U.S. Navy.  As referenced in 
the footnotes to Table 1-2; OU4 was deleted from the Superfund NPL by the USEPA in 
September 1995.  Subsequent correspondence from the USEPA states that a Five-Year 
Review is not required; however, current USEPA guidance (USEPA, 2001) does require 
a review when hazardous substances, pollutants, or contaminants remain on-site above 
levels that allow for unlimited use and unrestricted exposure. 
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2.0 BACKGROUND, CHRONOLOGY, AND REMEDIAL ACTIONS 

Appendix A provides a summary of the background, chronology, and remedial actions 
for each of the OUs.  The summary addresses the chronology of each OU through the 
effective date of the ROD for the particular OU. 

The initial Five-Year Review of OU1, OU2, OU3, and OU5 (EFANW, 1998) provides a 
summary of actions taken in the first 5 years post-ROD for each OU and is incorporated 
by reference in this Review. 
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3.0 ACTIONS SINCE INITIAL FIVE-YEAR REVIEW 

Section 3.1 presents the protectiveness statement from the initial Five-Year Review.  
Section 3.2 presents the general recommendations from the initial Five-Year Review and 
the actions taken during the five-year period that is addressed by this Review.  Section 
3.3 presents the specific recommendations from the initial Five-Year Review and the 
actions taken during the five-year period that is addressed by this Review. 

3.1 PROTECTIVENESS STATEMENT FROM INITIAL FIVE-YEAR REVIEW 
A single comprehensive protectiveness statement that addressed OU1, OU2, OU3, and 
OU5 at NAS Whidbey Island was made in the initial Five-Year Review (EFANW, 1998).  
This protectiveness statement, indicating that the U.S. Navy certifies that the selected 
remedies remain protective of human health and the environment, was signed by CAPT 
L. J. Munns, the Commanding Officer of NAS Whidbey Island. 

3.2 GENERAL RECOMMENDATION AND ACTIONS TAKEN SINCE 
INITIAL FIVE-YEAR REVIEW 

3.2.1 GENERaL RECOMMENDATION 
One general recommendation was made in the initial Five-Year Review regarding OU1, 
OU2, OU3, and OU5.  This general recommendation was associated with the 
implementation of institutional controls at NAS Whidbey Island and is as follows 
(EFANW, 1998): 

A general administrative strategy to identify and implement processes to 
strengthen institutional controls area wide at NAS Whidbey Island will be 
developed jointly by EPA and the Navy.  Currently, EPA recommends the 
preparation of an Explanation of Significant Differences for the existing RODs 
which would incorporate an Institutional Control Plan.  The Navy believes that a 
separate Memorandum of Agreement is the appropriate approach.  The strategy 
will be finalized by December 1998.  Once the strategy is agreed to, procedures 
to implement that strategy will be in place by the end of May 1999. 

3.2.2 ACTIONS TAKEN SINCE INITIAL FIVE-YEAR REVIEW 
Institutional controls have been implemented by NAS Whidbey Island at OU1 through 
OU5; however, the U.S. Navy and the USEPA are in the process of revising existing 
controls to strengthen them. 

The U.S. Navy has prepared a Draft Explanation of Significant Differences (ESD) for the 
existing RODs at NAS Whidbey Island that incorporates an Institutional Control Plan in 
response to the above recommendation. This Draft ESD is under review.  The 
Department of Defense (DoD) and the USEPA have been in formal dispute resolution 
discussions on the overall topic of the implementation of institutional controls (i.e., land 
use controls) at DoD installations nationwide.  These issues were resolved in October 
2003 and finalization of the draft ESD is expected soon. 



NAS Whidbey Island 

 

 

April 2004  3-2 

NAS Whidbey Island has implemented institutional controls at OU1 through OU5 by 
posting signage at the OUs (as appropriate) and by amending NAS Whidbey Island 
general development maps, electronic master plan (includes a development constraints 
map for planning purposes), and site approval maps to include the potable water well 
and other development restrictions. 

Each construction project that is planned at NAS Whidbey Island must be reviewed and 
approved by the Public Works Office, the Environmental Affairs Office, and the 
Occupational Safety and Health Department.  A NAS Whidbey Island Instruction 
(NASWHIDBEYINST 11013.2, Site Approval Procedures, 10 June 1999) has been 
developed and implemented that formalizes this environmental review and site approval 
process.  Institutional controls are considered and are to be clearly marked on project 
maps or planning documents for such construction projects during this review and 
approval process to ensure that they are considered in construction decisions.  
Compliance with all “conditions of approval” issued by reviewers is a requirement of the 
NAS Whidbey Island Instruction. 

The General Services Administration (GSA) has opined that federal agencies do not 
have authority to impose deed restrictions on active installations.  The U.S. Navy will 
notify the USEPA and the State of Washington at least 6 months in advance of such 
closure or transfer.  At that time, the U.S. Navy, USEPA, State of Washington, and the 
future property owner should meet to discuss and agree on the manner in which the 
applicable institutional controls will be incorporated into a deed or other document that 
transfers property ownership. 

3.3 SPECIFIC RECOMMENDATIONS AND ACTIONS TAKEN SINCE 
INITIAL FIVE-YEAR REVIEW 

In addition to the general recommendation that is addressed in Section 3.2 of this 
document, specific recommendations were made in the initial Five-Year Review 
addressing OU1, OU2, OU3, and OU5 (EFANW, 1998).  These recommendations and a 
summary of the actions taken since the initial Five-Year Review (both in regard to the 
specific recommendations and in general) are detailed in the following subsections. 

3.3.1 OPERABLE UNIT 1 

3.3.1.1 SPECIFIC RECOMMENDATIONS 
No specific recommendations were made in regard to Area 5 at OU1; however, the initial 
Five-Year Review simply noted that the implementation of groundwater use restrictions 
at Area 5 would be evaluated at the next Five-Year Review (EFANW, 1998). 

Specific recommendations were made in regard to Area 6 at OU1.  These specific 
recommendations addressed the operation and monitoring of the containment system 
(i.e., the landfill cap coupled with the groundwater extraction, treatment, and recharge 
system).  These recommendations included (EFANW, 1998): 

• that pump tests and a system evaluation would be conducted to recommend 
an appropriate configuration and optimize extraction rates to best achieve 
containment; 
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• that the groundwater monitoring schedule would be evaluated by the U.S. 
Navy and the USEPA on an annual basis to determine sampling 
requirements for the following year; 

• that the U.S. Navy evaluation of conditions and processes for natural 
attenuation that was ongoing at Area 6 be completed and combined with the 
modeling efforts regarding groundwater flow in the shallow aquifer to 
determine the potential applicability of monitored natural attenuation to 
control plume magnitude and extent; and 

• That a minimum of one new monitoring well will be installed on private 
property adjacent to the landfill to further define the western extent of the 
plume at the top of the shallow aquifer. 

In addition to the specific recommendations made for Area 6, the initial Five-Year 
Review also stated that: 

• the configuration and the rate of extraction for individual wells were being 
evaluated;  

• the determinations from the evaluations were to be applied to optimize operation 
of the system as improvements were identified; and 

• The containment operation would be the subject of the next Five-Year Review. 

3.3.1.2 ACTIONS TAKEN SINCE INITIAL FIVE-YEAR REVIEW 

3.3.1.2.1 Area 5 
No action was deemed the appropriate remedial action for Area 5; however, the U.S. 
Navy decided to proactively conduct additional groundwater monitoring.  As discussed in 
Appendix A, Section A.1.2, this groundwater monitoring was complete at the date of the 
initial Five-Year Review and is addressed in that document (EFANW, 1998).  No 
additional remedial or monitoring actions at Area 5 are required or were conducted. 

Institutional controls are implemented at Area 5 (see general discussion of institutional 
controls presented in Section 3.2.2).  These institutional controls include groundwater 
use restrictions at Area 5 that specifically prohibit the installation of potable water wells 
in Area 5.  Area 5 is also adequately demarcated with appropriate signage at 
approaches identifying the area as Area 5, a CERCLA site.  The institutional controls are 
working, and no potable water wells have been installed at the site. 

In an additional effort to further minimize any exposure pathways or contaminant 
migration pathways to groundwater, seven groundwater monitoring wells were properly 
abandoned in April 2000 (TEC, 2000).  These wells had been previously installed at 
Area 5 for groundwater monitoring purposes (wells identified as 5-S-01, 5-S-02, 5-S-03, 
5-S-04, N5-14, N5-15, and N5-16) and were no longer needed. 



NAS Whidbey Island 

 

 

April 2004  3-4 

3.3.1.2.2 Area 6 
The remedial action objectives for Area 6 are in the process of being met: groundwater 
containment operations, as well as the associated monitoring and reporting, are on-
going (e.g., landfill cap maintenance, as well as the operation of the Area 6 groundwater 
extraction, treatment, and recharge system). 

Institutional controls have been implemented at Area 6 (see general discussion of 
institutional controls presented in Section 3.2.2).  Area 6 is adequately demarcated with 
appropriate signage at approaches identifying the area as Area 6, a CERCLA site.  As 
an additional institutional control, Area 6 is surrounded by fencing with gated access 
points.  The gates at the access points are locked and effectively control public access 
to the landfill. 

The groundwater extraction, treatment, and recharge system at Area 6 was initiated in 
August 1995, and at the time of the initial Five-Year Review (EFANW, 1998) the system 
was already in operation in excess of 1,000 days.  Since the initial Five-Year Review, 
system operation has continued, and several upgrades and modifications to the system 
have been made.  These upgrades and modifications include the construction of a new 
office building, the installation of weather shelters for outside electrical panels, and 
various equipment replacements (flow meters, valves, pumps, etc.) as such equipment 
breaks down or reaches the end of its operational life. 

The groundwater extraction, treatment, and recharge system is now operated via a 
dedicated personal computer (PC).  The associated operating system software, Factor 
Link ECS (developed by USDATA) provides the human interface to system operations 
and allows for real-time graphical displays of operational values (water levels, flow rates, 
etc.) and archiving of operational data.  In November 2000, a computer software 
program (pcANYWHERE, developed by SYMANTEC) was installed on the operational 
PC.  This new software allows for remote access and limited remote control of well and 
treatment plant operations by the treatment plant operator. 

The system is operated and maintained in accordance with the Final Combined 
Operations and Maintenance Manuals, Operable Unit 1, Area 6, Operable Unit 5, Areas 
31 and 52, Naval Air Station Whidbey Island, Washington (Foster Wheeler, 2000f).  This 
O&M manual not only addresses the operation and maintenance of the groundwater 
extraction, treatment, and recharge system, it also addresses landfill cap maintenance 
activities and contains a Sampling and Analysis Plan (SAP) for monitoring activities. 

Quarterly technical reports are continually prepared addressing the groundwater 
extraction, treatment, and recharge system at Area 6.  These quarterly technical reports 
document groundwater containment operations and results in detail to include the 
operation and maintenance (O&M) of the groundwater pump, treat, and recharge 
system, the monitoring of the system, the monitoring of groundwater levels, the 
monitoring of groundwater quality, and other relevant information and data pertinent to 
the groundwater containment system. 

Landfill cap maintenance continues at Area 6 in accordance with the Final Operations 
and Maintenance (O&M) Manual (Foster Wheeler, 2000f).  This maintenance includes 
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landfill cap inspection, mowing at regular intervals (and adherence to specific mowing 
patterns), and the prevention of the establishment of deep-rooted vegetation. 

Both bioscaling and biofouling have been technical complications that arose during the 
operation of the groundwater extraction, treatment, and recharge system.  Biofouling has 
reduced production well extraction rates, and bioscaling has reduced flows and 
increased pressures in pipelines distributing effluent to the recharge area.  Bioscaling 
and biofouling have been addressed through chemical addition and equipment cleaning 
and maintenance.  Sodium hypochlorite (NaOCl, an oxidant and a disinfectant) was 
added to the production wells in calendar year 1998; however, the addition of sodium 
hypochlorite was discontinued in calendar year 2000, as it was deemed largely 
ineffective.  A befouling technical memorandum was developed that presented and 
evaluated possible remedies for biofouling in the groundwater extraction, treatment, and 
recharge system (Hart Crowser, 1999).  A complete discussion of bioscaling and 
biofouling complications and response actions at Area 6 is presented in Section 5.1 
(addressing the technical assessment and issues of concern for OU1). 

The U.S. Geological Survey (USGS) evaluated the effectiveness of natural attenuation 
at meeting remediation objectives for chlorinated volatile organic compounds (VOCs) in 
shallow ground water at Area 6 (without utilization of the existing groundwater extraction, 
treatment, and recharge system).  This evaluation is documented in the publication 
Natural Attenuation of Chlorinated Volatile Organic Compounds in Ground Water at Area 
6, Naval Air Station Whidbey Island, Washington (Dinicola et al., 2000). 

The Domenico (1987) analytical flow and transport model embedded within the 
BIOSCREEN computer program was used by the USGS to evaluate the effectiveness of 
natural attenuation for controlling down-gradient contaminant migration.  The study 
realized that conditions contrast for the two distinct groundwater plumes present at the 
Area 6 landfill due to the differences in contaminant sources.  The study concluded that 
natural attenuation is a viable alternative to the existing groundwater extraction, 
treatment, and recharge system for meeting remediation objectives in the vicinity of the 
southern contaminant plume; however, the study also concluded that natural attenuation 
is not currently a viable alternative for meeting remediation objectives in the western 
contaminant plume.  A complete discussion regarding the USGS evaluation of natural 
attenuation is presented in Section 5.1 (addressing the technical assessment and issues 
of concern for OU1). 

In April 2000, two groundwater monitoring wells at Area 6 were properly abandoned 
(TEC, 2000).  These wells had been previously installed for groundwater monitoring 
purposes (wells identified as MW-3A and MW-4) and were no longer needed. 

A Final Technical Memorandum, Soil Gas Survey and VOC Sampling (Foster Wheeler, 
2001b) was developed.  This memorandum provides a summary of conditions for the 
western and southern plumes.  It concludes that data presented in the USGS study 
demonstrate the viability of MNA as an alternative to the existing pump and treat 
containment system for the southern plume. 

A Draft Final Monitored Natural Attenuation (MNA) Plan, dated 14 December 2001, was 
also developed (Foster Wheeler, 2001a).  The MNA plan addressed implementing MNA 
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at Area 6 and included: an assessment of groundwater flow, the determination of 
monitoring requirements, the implementation of the conversion to MNA, and associated 
reporting.  The plan developed included the conduct of groundwater flow simulations 
using a computer model for the modified operations at Area 6.  A two-dimensional 
groundwater flow model of the unconfined aquifer at Area 6, using the Flowpath 
numerical model that had been previously updated, was used.  Under MNA, ceasing to 
extract groundwater from the southern plume and reducing the volume of treated water 
discharged to the infiltration swale would change the flow patterns for both the southern 
and western plumes.  To represent these changes, new model simulations were run 
during the development of the MNA plan using the previously calibrated Flowpath Model 
to evaluate containment for the western plume when operating three extraction wells, 
and to predict flow and transport directions for monitoring of the southern plume with 
only three western plume extraction wells operating (Foster Wheeler, 2001a).  A 
discussion of these results is presented in Section 5.1 (addressing the technical 
assessment and issues of concern for OU1). 

Additional site characterization activities and removal actions were conducted during 
calendar year 2001 at the location of the former waste oil pit at Area 6 (western plume).  
These additional site characterization activities are documented in the Final Site 
Characterization Report, Site Characterization and Interim Removal Action at Area 6 
Landfill, Naval Air Station Whidbey Island, Washington (Foster Wheeler, 2001c) and the 
removal actions are documented in the Final Interim Removal Report (Foster Wheeler, 
2002a).  A discussion of the site characterization activities and removal actions is 
discussed in Section 5.1.2.1.4. 

Initiating in February 2002, an assessment was conducted to evaluate the fate and 
transport of residual VOCs that remain in the soils at the location of site 55 at Area 6.  
The conduct and the findings of this assessment is documented in Assessment of Fate 
and Transport for Residual VOCs in Vadose Zone in Vicinity of Site 55 (Foster Wheeler, 
2002b).  The purpose of this assessment was to estimate masses of VOCs remaining in 
the soil vadose zone; conduct modeling to estimate rates of continuing releases to the 
aquifer; model the aquifer reaction to the shutdown of extraction wells to support 
construction of new wells; and propose two new monitoring wells within the western 
plume to assist in the assessment of the source area.  A discussion of the assessment 
findings is presented in Section 5.1.2.1.4.In December 2002, groundwater samples were 
collected from four deep wells at the site.  As recommended in the initial Five-Year 
Review (EFANW, 1998), these samples were analyzed for chloride and total dissolved 
solids (TDS) to confirm that seawater intrusion had not occurred (see Section 5.1.2.1 for 
a detailed discussion of these groundwater sample results). 

The compound 1,4-dioxane was recently identified in the influent to the groundwater 
treatment system at Area 6.  A concentration of 14 parts per billion (ppb) of 1,4-dioxane 
was identified in one sample collected from the influent.  This sampling was done at the 
request of the USEPA.  The compound has recently become a COC at other sites with 
contaminates that are similar to Area 6. 

Subsequent to this identification of 1,4-dioxane; groundwater monitoring for 1,4-dioxane 
was conducted at Area 6 during the third quarter monitoring event in June 2003.  This 
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groundwater monitoring is documented in the Draft Third Quarter Technical Report, Area 
6 Landfill, Groundwater Monitoring, June 2003, Naval Air Station Whidbey Island, 
Washington, August 2003 (TEC, 2003b).  The compound 1,4-dioxane was detected in all 
eight production wells (PWs) sampled and in seven of the 12 groundwater monitoring 
wells sampled.  A discussion of these 1,4-dioxane groundwater monitoring results is 
presented in Section 5.1.2.1.3. 

Two additional groundwater monitoring wells and one additional production well were 
installed at Area 6 during February 2003.  The locations of the wells were determined 
during a meeting attended by EFA NW and the USEPA Region 10 on 19 December 
2002.  The monitoring wells installed were identified as 6-S-30 and 6-S-31 and the 
production well installed was identified as PW-10.  Well installation activities, well 
locations, and similar data are documented in the Technical Memorandum, Final Well 
Installation Report, Areas 6 and 31, NAS Whidbey Island, Washington, dated 4 April 
2003 (TEC, 2003c). 

3.3.2 OPERABLE UNIT 2 

3.3.2.1 SPECIFIC RECOMMENDATIONS 
No specific recommendations were made in regard to any of the areas associated with 
OU2 (i.e., Area 2/3, Area 4, Area 14, and Area 29); however, the initial Five-Year Review 
noted that the implementation of groundwater use restrictions at OU2 will be the subject 
of future reviews (EFANW, 1998). 

The initial Five-Year Review also noted that the Post-ROD Groundwater Monitoring 
Report (URS Consultants, 1997) calls for one more round of groundwater monitoring at 
the time of the next Five-Year Review (EFANW, 1998).  This additional round of 
groundwater monitoring was to address the shallow aquifer at Area 2/3 (VOCs, Arsenic, 
and Manganese), Area 4 (Arsenic), and Area 29 (Arsenic). 

As noted in Table 1-2, Area 14 at OU2 is not subject to a Five-Year Review as no 
hazardous substances, pollutants, or contaminants remain on site above levels that 
would not allow for unlimited use and unrestricted exposure.  This statement, as well as 
the inapplicability of the Five-Year Review, is documented in the initial Five-Year Review 
(EFANW, 1998).  Current USEPA guidance (USEPA, 2001) requires a Five-Year Review 
as NAS Whidbey Island has implemented institutional controls encompassing Area 14 
and these controls do not allow for the unlimited use of Area 14.  Consequently, this 
Review briefly addresses Area 14. 

3.3.2.2 ACTIONS TAKEN SINCE INITIAL FIVE-YEAR REVIEW 
Actions completed at the date of the initial Five-Year Review (i.e., soil excavation and 
restoration activities at the various areas have been completed and remedial action 
objectives for OU2 areas have been met.  These actions are documented in the initial 
Five-Year Review (EFANW, 1998). 

Institutional controls continue to be implemented at OU2 areas (see general discussion 
of institutional controls presented in Section 3.2.2) during the period of this review.  
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These institutional controls include groundwater use restrictions that specifically prohibit 
the installation of potable water wells. 

OU2 areas (Area 2/3, Area 4, Area 14, and Area 29) are adequately demarcated with 
appropriate signage at approaches identifying the areas as CERCLA sites. 

The only additional action required at OU2 was a groundwater monitoring event 
referenced in the initial Five-Year Review that was to be completed at Area 2/3, Area 4, 
and Area 29 by the time of this Review (see Section 3.3.2.1).  The initial Five-Year 
Review noted that the groundwater monitoring had been recommended in the Revised 
Technical Memorandum, Post-ROD Groundwater Monitoring for Operable Unit 2 (URS, 
1997).  This additional round of groundwater monitoring at OU2 was conducted in 
December 2002 (see Section 5.2.1.1 for a discussion of this groundwater monitoring).  
Documentation of this additional round of groundwater monitoring is provided in the Draft 
Technical Memorandum, Letter Report for Environmental Monitoring at NAS Whidbey 
Island, dated 7 March 2003 (TEC, 2003a). 

As no additional remedial or monitoring actions are required at OU2 areas, the majority 
of the monitoring wells that were installed at OU2 areas for groundwater monitoring 
purposes were properly abandoned in April 2000 (TEC, 2000).  These monitoring wells 
included: 

• eighteen (18) groundwater monitoring wells installed at Area 2/3 (2-MW-1, 2-
MW-2, 2-MW-3, 2-MW-4, 2-MW-5, 2-MW-6, 2-MW-7, 2-MW-8, 2-MW-9, N2-1, 
N2-2, N2-4, N2-7D, N2-10, 3-MW-1, 3-MW-3, N3-11, and N3-13); 

• two (2) groundwater monitoring wells installed at Area 4 (4-MW-2 and 4-MW-4); 

• three (3) groundwater monitoring wells installed at Area 14 (14-MW-1, 14-MW-3, 
and 14-MW-19); and 

• five (5) groundwater monitoring wells installed at Area 29 (29-MW-1, 29-MW-2, 
29-MW-3, N29-21, and N29-22S). 

The abandonment of these unnecessary groundwater monitoring wells is a good 
management practice that eliminates both potential exposure pathways and contaminant 
migration pathways. 

3.3.3 OPERABLE UNIT 3 

3.3.3.1 SPECIFIC RECOMMENDATIONS 
No specific recommendations were made in regard to Area 16 at OU3; however, the 
initial Five-Year Review noted that remediation was completed as designed and no 
modifications were required, that OU3 remedies were considered complete, and that 
OU3 would not be subject to future Five-Year Reviews as no hazardous substances, 
pollutants, or contaminants remain on site above levels that would not allow for unlimited 
use and unrestricted exposure (EFANW, 1998). 



NAS Whidbey Island 

 

 

April 2004  3-9 

Current USEPA guidance (USEPA, 2001) requires a Five-Year Review as NAS Whidbey 
Island has implemented institutional controls encompassing Area 16 and these controls 
do not allow for the unlimited use of Area 16.  Consequently, this Review briefly 
addresses Area 16. 

3.3.3.2 ACTIONS TAKEN SINCE INITIAL FIVE-YEAR REVIEW 
The remedial action objectives for Area 16 at OU3 have been met, and the soil 
excavation and confirmatory sampling have been completed.  These actions were 
complete at the date of the initial Five-Year Review and addressed in that document 
(EFANW, 1998).  No additional actions are required at OU3.  The USEPA provided 
written confirmation that no additional actions are required at OU3 in correspondence 
dated 17 March 1997 (USEPA, 1997). 

Institutional controls are implemented at Area 16 at OU3 (see general discussion of 
institutional controls presented in Section 3.2.2).  Area 16 is within the airfield flight-line 
area; a restricted access area within Ault Field at NAS Whidbey Island. 

As no additional remedial or monitoring actions are required at OU3, two monitoring 
wells that were installed at Area 16 for groundwater monitoring purposes (16-22, 16-
26A) were properly abandoned in April 2000 (TEC, 2000).  The abandonment of these 
unnecessary groundwater monitoring wells is a good management practice that 
eliminates potential contaminant migration pathways. 

Six sediment samples were collected in December 2002 along the centerlines of 
selected Area 16 drainage ditches.  All samples were analyzed for total petroleum 
hydrocarbons (TPHs), polycyclic aromatic hydrocarbons (PAHs), arsenic, and lead.  
Documentation of this drainage ditch sampling is provided in the Draft Technical 
Memorandum, Letter Report for Environmental Monitoring at NAS Whidbey Island, dated 
7 March 2003 (TEC, 2003a).  PAHs, arsenic, lead, diesel range organics (DRO), and 
residual range organics (RRO) were detected in all sediment samples from Area 16 (see 
Section 5.3.1.1 for a detailed discussion of these results). 

3.3.4 OPERABLE UNIT 4 

3.3.4.1 SPECIFIC RECOMMENDATIONS 
The initial Five-Year Review did not address OU4. 

As noted in Table 1-2, OU4 (Seaplane Base) was officially deleted from the Superfund 
NPL in September 1995.  USEPA written correspondence to NAS Whidbey Island 
documents that a Five-Year Review is not required for OU4 (USEPA, 1995a). 

Current USEPA guidance (USEPA, 2001) requires a Five-Year Review as NAS Whidbey 
Island has implemented institutional controls encompassing OU4 areas (Area 39, Area 
41, Area 44, Area 48, Area 49) and these controls do not allow for unlimited use and 
unrestricted exposure.  Consequently, this Review briefly addresses OU4 areas. 
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3.3.4.2 ACTIONS TAKEN SINCE INITIAL FIVE-YEAR REVIEW 
The remedial action objectives established for OU4 in the associated ROD (URS, 
1993b) have been met, and all remedial actions were completed in 1995. 

Institutional controls remain implemented at OU4 (i.e., see general discussion of 
institutional controls presented in Section 3.2.2). 

OU4 areas are adequately demarcated with appropriate signage at approaches 
identifying the areas as CERCLA sites. 

The remedial actions at OU4 were conducted in accordance with the Final Remedial 
Design Report / Remedial Action Work Plan (URS, 1994) and upon completion a 
Remedial Action Report was prepared for OU4 (Ebasco, 1995).  This remedial action 
report documents the remedial actions at OU4.  As OU4 was not addressed in the initial 
Five-Year Review (EFANW, 1998); a summary of post-ROD actions from the associated 
remedial action report is presented in this subsection (despite this subsection being titled 
“Actions Taken since Initial Five-Year Review”). 

COCs at the OU4 areas (Area 39, Area 41, Area 44, Area 40, and Area 49) were area-
specific and included lead, chromium, arsenic, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, and 
PAHs.  Remedial actions included excavating contaminated soil, collecting soil and 
water samples, disposing of soil and water, backfilling excavated locations, and re-
vegetating.  Contaminated soils from Areas 39, 41, and 44 were excavated, temporarily 
stockpiled, and characterized for disposal.  Review of disposal characterization 
analytical results indicated that the stockpiled soils were acceptable for placement at the 
Area 6 landfill.  Contaminated soils from Area 48 were characterized in place because of 
limited space at the temporary stockpile areas.  Following review of analytical results, 
Area 48 soils were excavated and transported directly to the Area 6 landfill for disposal. 

Remedial action objectives were in accordance with State of Washington MTCA Method 
B clean-up levels.  Confirmation samples were collected from the bottoms of excavations 
at Areas 39, 41, and 44 to ascertain whether or not soil removal had met remedial action 
objectives.  Analysis of confirmation samples demonstrated that the objectives were met, 
which then resulted in the backfilling of excavated areas.  At Area 48, confirmation 
samples were collected and the excavation was backfilled immediately according to the 
Remedial Action Work Plan (URS, 1994).  Analysis of the confirmation samples 
indicated that remedial action objectives had also been achieved; therefore, no further 
monitoring of Area 48 is necessary. 

A borrow soil area at Maylor Point provided the backfill material.  Analysis of a 
composite sample from the borrow soil area showed that the soil was free of 
contamination.  The site restoration program began by completely backfilling the 
excavations and adding a 4-inch layer of topsoil to coincide with the existing ground 
surface elevations.  Excavations at Areas 39 and 44 were hydro-seeded with grasses 
similar to the surrounding grasses.  Excavations at Area 48 and the borrow soil area 
were hydro-seeded with native-type grass to blend with surrounding vegetation and 
provide erosion control. 
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In summary, initial excavations (totaling approximately 1,300 yd3) achieved all remedial 
action objectives at the OU4 areas and no additional excavation or remedial actions are 
necessary.  The USEPA, in conjunction with the Washington Department of Ecology 
(Ecology) and NAS Whidbey Island determined that Seaplane Base (i.e., OU4) poses no 
significant threat to public health or the environment and no further CERCLA remedial 
measures are necessary. 

OU4 was deleted from the Superfund NPL in September 1995 (the first U.S. Navy site to 
be deleted from the Superfund NPL).  The Notice of Intent to Delete, which officially 
detailed the USEPA decision to delete the site from the Superfund NPL, was published 
in the Federal Register on 18 July 1995 and an advertisement placed in the Whidbey 
News Times.  The comment period ended on 31 August 1995 and the USEPA received 
no comment on the deletion.  The Notice of Delisting was published in the Federal 
Register on 21 September 1995. 

As no remedial or monitoring actions are required at OU4 areas, several monitoring 
wells that were installed for groundwater monitoring purposes were properly abandoned 
in April 2000 (TEC, 2000).  Specifically, these wells included: 

• three (3) groundwater monitoring wells installed at Area 44 for groundwater 
monitoring purposes (44-MW-1, 44-MW-2, 44-MW-3); and 

• seven (7) groundwater monitoring wells installed at Area 48 and Area 49 for 
groundwater monitoring purposes (MWS-1, MWS-2, MWS-3, MWS-4, MWS-5, 
MWS-6, MWS-7, and MWS-8). 

The abandonment of these unnecessary groundwater monitoring wells is a good 
management practice that eliminates potential contaminant migration pathways. 

3.3.5 OPERABLE UNIT 5 

3.3.5.1 SPECIFIC RECOMMENDATIONS 
Specific recommendations were made in regard to all areas associated with OU5 (i.e., 
Area 1, Area 31, and Area 52). 

In regard to Area 1, the initial Five-Year Review noted: that inorganics and cyanide in 
Area 1 groundwater seeps would be monitored at the time of the next review; that the 
next review would confirm that land use restrictions applied to the landfill area are 
reviewed regularly for adherence and that annual monitoring of shoreline stability is 
completed (EFANW, 1998). 

In regard to Area 31 and Area 52, the initial CERCLA 121(c) Review recommended that 
the operation of the remedial systems at these areas continue until fuel recovery by 
skimming reaches its practical limits and that the U.S. Navy and USEPA would review 
the status of operations every 6 months to make this determination (EFANW, 1998). 
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3.3.5.2 ACTIONS TAKEN SINCE INITIAL FIVE-YEAR REVIEW 

3.3.5.2.1 Area 1 
The remedial action objectives for Area 1 at OU5 have essentially been met and 
remedial actions have been completed (such actions were complete at the date of the 
initial Five-Year Review). 

Institutional controls are implemented at Area 1 at OU5 (see general discussion of 
institutional controls presented in Section 3.2.2).  Area 1 is adequately demarcated with 
appropriate signage at approaches identifying the area as Area 1, a CERCLA site. 

Visual monitoring of shoreline stability was required to be conducted at Area 1 on an 
annual basis for a period of 5 years beginning in calendar year 1998.  This shoreline 
stability monitoring has been conducted by NAS Whidbey Island Environmental Affairs 
Office personnel and properly documented.  The fifth (and final) shoreline stability 
monitoring event was recently completed by Environmental Affairs Office personnel in 
July 2002.  This monitoring indicated that relatively minor shoreline erosion is occurring 
along the coastline of Area 1. 

After the ROD for OU5 was issued, post-ROD groundwater monitoring was performed in 
1996 to determine whether cyanide was present at concentrations that could adversely 
affect the marine environment (ecological risk from cyanide in groundwater was the only 
identified risk associated with Area 1).  This monitoring is documented in the Final 
Technical Memorandum Post ROD Groundwater Monitoring at Operable Unit 5, Area 1, 
Naval Air Station Whidbey Island, Oak Harbor, Washington, April 1997 (Foster Wheeler, 
1997b).  Two inland groundwater monitoring wells and six intertidal groundwater seeps 
along the shoreline were sampled.  The Final Remedial Action Report for OU5 (Foster 
Wheeler, 1997c) states that inorganics were not detected sufficiently in excess of the 
ROD cleanup levels (CULs) to require annual monitoring of groundwater or groundwater 
seeps; however, since detectable concentrations of copper and nickel were identified 
(coupled with the previous identification of elevated detectable concentrations of 
cyanide), that monitoring for inorganics and cyanide at Area 1 groundwater seeps were 
to be conducted at the time of the next Five-Year Review. 

This groundwater seep sampling was conducted in December 2002.  A total of five seep 
samples were collected from Area 1.  All samples were analyzed for cyanide and 
inorganic compounds (inorganics).  Documentation of this seep sampling is provided in 
Table 3, Appendix E Results showed only trace amounts of arsenic and low levels of 
manganese (see Section 5.5.1 for a more detailed discussion regarding these sample 
results). 

3.3.5.2.2 Area 31 
The remedial action objectives for Area 31 have been met and monitoring actions are 
ongoing.  The remedial action objectives identified in the ROD included reducing the risk 
of human exposure by limiting site access and removing the source of contamination 
(see Section 2.0 and Appendix A to this document).  Remedial activities conducted at 
Area 31, as delineated in the ROD, included ash pile and oil/water separator removal; 
fuel skimming (five skimming wells were installed initially with passive skimming devices; 
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however, a variety of product recovery techniques have been used to include absorbent 
socks and pneumatic skimmers); bioventing (ten bioventing wells, four nested 
observation wells, two blowers, and associated piping were installed in October 1996); 
institutional controls; and groundwater monitoring. 

Institutional controls continue to be implemented at Area 31 (see general discussion of 
institutional controls presented in Section 3.2.2).  Area 31 is adequately demarcated with 
appropriate signage at approaches identifying the area as Area 31, a CERCLA site. 

The majority of the free project petroleum has been removed to date and the overall 
effectiveness of skimming and bioventing has reached a point of diminishing returns. 

In a Quarterly Technical Report for Area 31 (addressing the operating period of July to 
September 1999) a decision was documented that the criteria of the ROD for Area 31 
were satisfied and the system could be shut down (Foster Wheeler, 1999g).  This 
decision was made by the participants of a September 1999 meeting that included 
representatives of the U.S. Navy (i.e., EFANW and NAS Whidbey Island), of USEPA 
Region 10, and of Foster Wheeler Environmental Corporation.  This same decision and 
recommendations were documented again in subsequent Quarterly Technical Reports 
for Area 31 (Foster Wheeler, 2000b, Foster Wheeler, 2000g). 

A Draft Areas 31 and 52 Assessment Report, Operable Unit 5, Areas 31 and 52, Former 
Runway and Jet Engine Test Cell Fire School, Naval Air Station Whidbey Island, 
Washington, dated 7 February 2000 has been prepared (Foster Wheeler, 2000a).  This 
assessment report summarizes and evaluates product recovery and groundwater 
sampling at Area 31.  This assessment report concludes (for Area 31) that semi-annual 
groundwater sampling results have shown that fuel contamination is not migrating off-
site and that the product recoveries and thickness measurements have showed limited 
amounts of free product suggesting that product recovery, bioventing, and the 
associated respirometry testing may be terminated. 

The termination of these efforts was discussed and concurred upon at a 19 April 2000 
meeting between the USEPA, NAS Whidbey Island, and EFANW.  The product recovery 
and bioventing systems were shut-down in March 2000.  The USEPA provided formal 
concurrence with the shut-down of the systems in a letter dated 19 May 2000 indicating 
that the bioventing and groundwater skimming operations should be terminated 
(USEPA, 2000). 

In this same letter, the USEPA requested that confirmation sampling be conducted 
around Area 31 (groundwater monitoring to verify that petroleum, manganese, and 
VOCs are not migrating and have naturally attenuated) and that private well sampling 
can be discontinued (USEPA, 2000).  This confirmation sampling was conducted and 
confirmation results were reported to the USEPA on 21 November 2000. 

During the interim, additional groundwater monitoring efforts are being conducted at 
Area 31.  These groundwater monitoring activities are documented in three reports by 
The Environmental Company, Inc. (TEC 2002d, TEC 2002g, and TEC 2002h). 
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Two additional groundwater monitoring wells were installed at Area 31 during February 
2003 to provide additional groundwater monitoring locations for further evaluation of 
Area 31 as concerns have been raised by EFA NW and USEPA Region 10.  The 
locations of the wells were determined during a meeting attended by EFA NW and the 
USEPA Region 10 on 19 December 2002.  The two monitoring wells installed were 
identified as MW31-34 and MW31-35.  Well installation activities, well locations, and 
similar data are documented in the Technical Memorandum, Final Well Installation 
Report, Areas 6 and 31, NAS Whidbey Island, Washington, dated 4 April 2003 (TEC, 
2003c). 

3.3.5.2.3 Area 52 
The remedial action objectives for Area 52 are in the process of being met and free 
product recovery operations, as well as the associated maintenance, and monitoring 
actions are on-going.  Product recovery is to continue at Area 52 until recovery reaches 
its practical limits.  Product thickness measurements and water table measurements are 
made on a quarterly basis.  Seep sampling is conducted on a biennial basis. 

Institutional controls are implemented at Area 52 (see general discussion of institutional 
controls presented in Section 3.2.2). 

Area 52 is adequately demarcated with appropriate signage at approaches identifying 
the area as Area 52, a CERCLA site. 

Free product is recovered from a variety of wells at Area 52, depending on product 
thickness measurements and product recovery rates.  Through the period of the initial 
Five-Year Review, approximately 210 gallons of free product petroleum were recovered 
at Area 52 and product recovery rates were characterized as less than expected.  Since 
that date, operating adjustments to the recovery systems have improved free product 
petroleum recovery rates, and as of the date of this Review, greater than 931 gallons of 
mixed product and water have been recovered (see Table 5-7, Figure 5-2, and the 
associated discussion that is presented in Section 5.5.3.1).  Recovery of mixed product 
and water is continuously minimized by adjustments of the system intake depths and 
through efficient operation of the recovery pumps. 

In September 1997, Foster Wheeler Environmental Corporation installed a temporary 
product recovery system in extraction well EW-1 at Area 52 (Foster Wheeler, 1998a).  
The temporary setup demonstrated that EW-1 is a productive well for free product 
recovery.  The temporary setup was approved for long-term use by NAS Whidbey Island 
and continues to the date of this review. 

On 13 and 14 July 1999, seep sampling was conducted at six locations (Foster Wheeler, 
1999g).  Seep sampling had been previously conducted at the same six locations. 

A Draft Areas 31 and 52 Assessment Report, Operable Unit 5, Areas 31 and 52, Former 
Runway and Jet Engine Test Cell Fire School, Naval Air Station Whidbey Island, 
Washington, dated 7 February 2000 has been prepared (Foster Wheeler, 2000a).  This 
assessment report concludes that the lack of fuel migration and the fact that product 
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recoveries and product thickness measurements are showing limited amounts of free 
product suggest that the active skimming may be terminated (Foster Wheeler, 2000a). 

This information was discussed at a 19 April 2000 meeting between NAS Whidbey 
Island, EFA NW, and the USEPA.  In subsequent USEPA correspondence dated 19 May 
2000, the USEPA stated: that skimming operations at Area 52 would continue because 
there has not been a noticeable drop in product recovery (noting that Area 52 ROD 
objectives have been met); and that the intention is for on-going recovery activities at 
Area 52 to be handled under the state MTCA cleanup program for petroleum sites 
(USEPA, 2000). 

The product recovery systems at Area 52 remain active and quarterly monitoring and 
reporting for Area 52 is on-going.  The free product recovery system is currently 
operated and maintained in accordance with the Final Combined Operations and 
Maintenance Manuals, Operable Unit 1, Area 6, Operable Unit 5, Areas 31 and 52, 
Naval Air Station Whidbey Island, Washington (Foster Wheeler, 2000f).  As stated, the 
intention is to continue to operate the free product recovery systems as long as the 
systems remain effective at recovering free product petroleum and to ultimately transfer 
the oversight of Area 52 to Washington Department of Ecology. 

Active site work was briefly halted during a period from late May through August 2000.  
Both remedial skimming systems were inoperative during this time period.  This inactivity 
was due to an unexpected delay during the transition of the EFA NW contract for 
operations and maintenance (O&M) at Area 32.  Operation of both of the skimming 
systems, scheduled O&M, water level and free product level gauging operations, and 
field reporting resumed in September 2000 with the award of the O&M contract.  Since 
the restart in September 2000, the product recovery systems and the associated O&M, 
level gauging, and reporting activities at Area 52 have been in normal operation status. 

The most recent quarterly report (TEC, 2002j) concluded that System No. 2 at Area 52 
continues to function as intended.  Skimming operations in this system should continue 
until fuel recovery reaches its practical limits. 
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4.0 FIVE-YEAR REVIEW PROCESS 

As described in the USEPA Comprehensive Five-Year Review Guidance, the review 
process consists of establishing a Review Team; notifying potentially interested parties and 
involving the community in the review process; developing the draft Five-Year Review report 
(document reviews, site inspections, interviews, and data evaluation); and ultimately signing 
and submitting the final Five-Year Review report. 

4.1 REVIEW TEAM 
The U.S. Navy is the lead agency responsible for the conduct of the Five-Year Review of 
OU1 through OU5 at NAS Whidbey Island. 

The Review Team established for this Review consists of contracted personnel 
(environmental professionals from The Environmental Company, Inc. and CH2MHill, Inc.), 
EFA NW personnel (Mr. John Gordon), and NAS Whidbey Island Environmental Affairs 
Office personnel (Mr. John Moser). 

4.2 NOTIFYING POTENTIALLY INTERESTED PARTIES AND INVOLVING THE 
COMMUNITY 

Notification to potentially interested parties that a Five-Year Review was to be conducted at 
OU1 through OU5 at NAS Whidbey Island was made in June 2002.  This notification 
consisted of the publication of a Notice of Intent (NOI) in the Whidbey News – Times on 
Wednesday, 5 June 2002 and again on Wednesday, 12 June 2002.  The NOI provided the 
information recommended by the USEPA Comprehensive Five-Year Review Guidance (i.e., 
identification and location of the OU areas, identification of the U.S. Navy as the lead 
agency conducting the review, descriptions of remedies, summaries of contamination, a 
description of community involvement measures, contact information, and a scheduled 
completion date). 

Community involvement (i.e., community relations) has been a component of this Review.  
Community relations have included the following activities: 

• An initial publication of the NOI was made in the Whidbey News - Times (as 
previously described). 

• An invitation to participate in the review of the Draft Five-Year Review document for 
OU1 through OU5 was made to the local Remedial Action Board (RAB) members 
and stakeholders. 

• A joint EFANW – NAS Whidbey Island presentation regarding the Five-Year Review 
process, scope, and timeline was made to the local RAB members and stakeholders. 

• Discussion of the Five-Year Review process and reporting by EFA NW and NAS 
Whidbey Island personnel at the regularly scheduled Remedial Action Board (RAB) 
meetings 
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• Publication of the Notice of Availability (Draft Review) and Fact Sheet in the Whidbey 
News – Times allowing for a 30-day public comment period for the Draft Five-Year 
Review was made. 

• A response to public comments on the Draft Review would have been developed 
and included as Appendix C to this Final Review; however, no public comments on 
the Draft Review were received.  Accordingly, Appendix C in this Final Review is 
reserved. 

The USEPA Community Involvement Coordinator (CIC) for USEPA Region 10 was initially 
contacted by the Review Team at the onset of the Review to inform the USEPA of the U.S. 
Navy conduct of the Review and to inquire about the adequacy of planned community 
relations.  The USEPA stated that they have not designated a single point-of-contact (POC) 
as the representative of the USEPA CIC who is specific to the U.S. Navy or NAS Whidbey 
Island for the OUs at NAS Whidbey Island (as is sometimes the case for higher-visibility 
and/or higher-activity CERCLA sites); and consequently, coordination with a specific USEPA 
representative during the Review process is not necessary.  The Review Team discussed 
the planned approach for the Review (i.e., consistent with the USEPA Comprehensive Five-
Year Review Guidance) and the approach for notifying potentially interested parties and 
involving the community in the Review process (i.e., publishing the NOI, involving the RAB, 
publishing a Fact Sheet and Notice of Availability, making the Draft Review report available 
for 30-day public comment period, etc.) and was informed by the USEPA that this approach 
is indeed appropriate and satisfactory. 

4.3 DEVELOPING THE FIVE-YEAR REVIEW REPORT 
The development of this Review Report consists of four primary activities: document 
reviews, site inspections, personnel interviews, and data consolidation and evaluation. 

Document Reviews.  Document reviews were conducted by the Review Team throughout 
the development of this Review of OU1 through OU5 at NAS Whidbey Island.  These 
documents included hard-copy information (e.g., previous studies and reports, technical 
memoranda, regulatory agency correspondence) and electronic (e.g., database downloads 
of monitoring data).  Source references for the various data and information presented in 
this Review are listed in Section 8.0, References.  References in addition to those source 
references presented in this Review are included in Section 8.0 as this reference list is 
intended to provide a complete list of the documents reviewed in support of this Review. 

Site Inspections.  As detailed in the USEPA Comprehensive Five-Year Review Guidance, 
a Five-Year Review is to include recent site inspections.  For the purpose of a Five-Year 
Review, the USEPA interprets “recent” as no more than nine months from the expected 
signature date of the review.  Site inspections were conducted by Review Team members at 
all of the subject areas at each of the five OUs at NAS Whidbey Island during the week of 8 
July 2002.  The purpose of these site inspections was to obtain information regarding the 
OU (and its associated areas) status and to visually confirm and document the conditions of 
remedy implementation, the OU area, and/or surrounding properties.  Appendix B contains 
digital photographs of the OUs taken at the time of the site inspections. 
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Personnel Interviews.  Interviews were conducted by the Review Team throughout the 
development of this Review.  Interviews were conducted with personnel who are 
knowledgeable of the OUs and the associated areas, to include contractors who are 
performing remedial system operations and long-term monitoring activities.  EFA NW and 
NAS Whidbey Island personnel also discussed the Five-Year Review process and reporting 
during regularly scheduled RAB meetings. 

Data Consolidation and Evaluation.  Data generated as a result of document reviews, site 
inspections, and personnel interviews were consolidated and evaluated by the Review 
Team.  Data that is significantly relevant to this Review is either included and/or included by 
reference in this document as appropriate. 
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5.0 TECHNICAL ASSESSMENT AND ISSUES OF CONCERN 

This section presents the technical assessment of the remedy(ies) implemented at each 
of the five OUs at NAS Whidbey Island and issues of concern. 

The purpose of the technical assessment during the Five-Year Review is to assess the 
protectiveness of the remedy(ies) at a particular OU.  In accordance with the USEPA 
Comprehensive Five-Year Review Guidance, this assessment examines three questions 
that serve as the criteria for ensuring that relevant issues are considered in determining 
the protectiveness of a particular remedy.  These assessment criteria are: 

• Is the remedy functioning as intended by the decision documents? 

• Are the exposure assumptions, toxicity data, cleanup levels, and remedial action 
objectives used at the time of the remedy selection still valid? 

• Has any other information come to light that could call into question the 
protectiveness of the remedy? 

Issues of concern are described by the USEPA as any issues that currently prevent the 
remedy from being protective, or may do so in the future, or any issues that are early 
indicators of potential remedy problems.  Issues of concern are discussed in the 
following subsections and summarized on Table 5-8 (pages 5-27 and 5-28). 

5.1 OPERABLE UNIT 1 
5.1.1 AREA 5 

5.1.1.1 DISCUSSION 
Post-ROD groundwater monitoring was completed at Area 5 at the date of the initial 
Five-Year and is addressed in that document (EFANW, 1998).  Institutional controls, 
including groundwater use restrictions, remain in place at Area 5 (see Sections 3.2.2 and 
3.3.1) 

5.1.1.2 TECHNICAL ASSESSMENT 
The no action remedial alternative was implemented at Area 5 and institutional controls 
remain in place; all exposure assumptions, toxicity data, cleanup levels, and remedial 
action objectives used at the time of the remedy selection are still valid; and no other 
information has come to light that could call into question the protectiveness of the 
remedy. 

5.1.2 AREA 6 

5.1.2.1 DISCUSSION 
Miscellaneous shut-downs have occurred as a result of both scheduled and 
unscheduled maintenance; however, these shutdowns have a negligible effect on the 
overall system performance. 
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Historical quarterly technical reports (Foster Wheeler, 1998a, 1998b, 1999a, 1999c, 
1999f, 2000b, 2000e, 2000f, 2000g, 2000h; TEC, 2002a, 2002b, 2002e, 2002f) were 
reviewed in support of this Review and these reports provide a detailed history of the 
groundwater extraction, treatment, and recharge system operations. 

These reports (as do all the quarterly technical reports developed for Area 6) present a 
cumulative summary of the performance of groundwater containment operations in a 
series of tables and figures.  

The following list of tables and figures have been extracted from the quarterly technical 
report dated July - September, 2002 (TEC, 2002f) and are included in this document as 
Appendix D.  However, it should be noted that an additional four quarters of data have 
been collected from late-2002 through mid-2003 and are now available.  The latest data 
show no significant deviations from previous trends. 

Figure 3-1 Base Map for Area 6 
Table 4-1 Influent Sample Cumulative Summary 
Table 4-4 Production Well Sample Cumulative Summary 
Table 4-5 Monitoring Well Sample Cumulative Summary 
Figure 4-1 Concentration Contours (µg/L) for Trichloroethylene, July 2002 
Figure 4-2 Concentration Contours (µg/L) for 1,1,1-Trichloroethane, July 2002 
Figure 4-3 Concentration Contours (µg/L) for 1,1-Dichloroethane, July 2002 
Figure 4-4 Concentration Contours (µg/L) for cis-1,2-Dichloroethene, July 2002 
Figure 4-5 Concentration Contours (µg/L) for 1,1-Dichloroethene, July 2002 
Figure 4-6 Concentration Contours (µg/L) for Vinyl Chloride, July 2002 
Figure 5-1 Contaminant Trends in Influent at the Area 6 Treatment Plant 
Figure 5-3 Contaminant Trends at 6-S-21 
Figure 5-4 Contaminant Trends at 6-S-6 
Figure 5-5 Contaminant Trends at 6-S-25 
Figure 5-6 Contaminant Trends at 6-S-27 
Figure 5-7 Contaminant Trends at 6-S-19 

As of the above-referenced quarterly technical report (TEC, 2002f); the approximate 
cumulative volume of water treated since operations began at Area 6 is 714,694,163 
gallons.  Throughout the operational period of the groundwater extraction, treatment, 
and recharge system, the average quarterly volume of water that is treated by the 
system is approximately 22,260,000 gallons. 

The following conclusions are presented in the most recent quarterly report (TEC, 
2002f): 

• The groundwater extraction, treatment, and recharge system is operating as 
designed and as intended. 
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• Figure 5-1 (Appendix D) illustrates the concentrations of selected VOCs over 
time in the treatment plant influent.  In general, concentrations of VOCs in the 
influent are less than when the system began operation in February 1995. 

• Figures 5-3 through 5-7 (Appendix D) illustrate trends in contaminant 
concentrations at selected wells located west and south of the containment 
extraction points.  The graphs are presented sequentially moving from the 
northern edge of the area towards the south (see Figure 3-1, Appendix D).  The 
trend graphs suggest that VOC concentrations remain stable or are decreasing 
over the prior 12-month period.  Specifically; 

- The TCE concentrations in productions wells PW-1 and PW-3 have declined 
dramatically (i.e., an order of magnitude) since the treatment plant began 
operations.  Significant declines in TCE concentrations have also been 
observed in monitoring wells 6-S-6, MW-7, N6-37, and N6-38.  The TCE 
concentrations in production well PW-5 have increased since operation of the 
treatment plant began; however, the concentrations appear to have 
stabilized.  The wells in which the concentrations still consistently exceed the 
compliance level include PW-1, PW-3, PW-5, 6-S-6, MW-7, N6-37, and N6-
38.  All of these wells are located in the northern and central portions of the 
site. 

- The 1,1,1-TCA concentrations in production wells PW-1, PW-3, and PW-5 
have declined significantly since the treatment plant began operations.  
Significant declines have also occurred in monitoring wells 6-S-21, 6-S-24, 6-
S-13, 6-S-25, MW-7, N6-37, and N6-38.  The 1,1,1-TCA concentrations in 
monitoring well 6-S-6 increased significantly in late 1999 and have been fairly 
stable since.   The wells in which the concentrations still consistently exceed 
the compliance level include PW-3, PW-5, 6-S-6, and 6-S-25.  All of these 
wells are located in the central portions of the plume. 

- The 1,1-DCE concentrations in production wells PW-1 and PW-3 have 
declined modestly since the treatment plant began operations, while PW-5 
concentrations have remained relatively stable.  Modest decreases have also 
been observed in monitoring wells 6-S-21, N6-38, and MW-7.  The 1,1-DCE 
concentrations in monitoring well 6-S-6 increased significantly in 2000; 
however, the concentrations now appear to be on the decline.  The wells in 
which the concentrations consistently exceed the compliance level include 
PW-1, PW-3, PW-5, PW-9, 6-S-6, 6-S-12, 6-S-19, 6-S-21, 6-S-25, 6-S-27, 6-
S-28, MW-7, N6-37, and N6-38.  These wells are located throughout the site, 
including in the southern portion. 

- The 1,1-DCA, cis-1,2-DCE, and VC concentrations have remained stable to 
modestly declining in most production and monitoring wells. The wells in 
which the VC concentrations consistently exceed the compliance level 
include PW-2, PW-4, PW-6, PW-7, PW-8, PW-9, 6-S-19, 6-S-29, MW-8, and 
MW-10.  These wells are located throughout the site, including in the 
southern portion. 
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Shallow rooted vegetation (grasses) is firmly established across the landfill area and no 
erosion problems are noted (see photographs in Appendix B).  Mowing and other 
prevention measures (hand-pulling and herbicide application) has been successful at 
preventing the establishment of deep-rooted vegetation (primarily Scott’s Broom and 
Woody Lupine) across the area of the landfill cap.  Two herbicides have been used 
recently at the Area 6 landfill for the control of deep-rooted vegetation (Arrowhead® and 
Confront©) and the application of herbicides versus hand-pulling of such vegetation is 
being evaluated.  Regular inspections of the approximately 300-ft perforated poly-vinyl 
chloride (PVC) discharge pipe and the associated grassed recharge swale also continue 
at Area 6. 

It should also be noted that two groundwater monitoring wells that had been previously 
installed at Area 6 for groundwater monitoring purposes (wells identified as MW-3A and 
MW-4) and that were no longer needed were properly abandoned in April 2000 (TEC, 
2000). 

In December 2002, groundwater samples were collected from four deep wells (6-D-1, 6-
D-2, 6-D-3, and 6-D-5) at Area 6.  Documentation of the groundwater monitoring is 
provided in the Draft Technical Memorandum, Letter Report for Environmental 
Monitoring at NAS Whidbey Island, dated 7 March 2003 (TEC, 2003a).  Select tables 
and figures from this technical memorandum are provided in Appendix E.  Table 1 
(Appendix E) provides a summary of the groundwater monitoring samples collected at 
Area 6; Table 2 (Appendix E) provides a summary of water level and field measurement 
results; Figure 3 (Appendix E) provides the locations of the groundwater monitoring 
wells; and Table 6 (Appendix E) provides the analytical results associated with the 
groundwater monitoring at Area 6. 

As recommended in the initial Five-Year Review (EFANW, 1998), these samples were 
analyzed for chloride and total dissolved solids (TDS) to confirm that seawater intrusion 
had not occurred.  Chloride concentrations in these samples ranged from 22 to 30 mg/L.  
TDS concentrations ranged from 214 to 326 mg/L.  These analytical results indicate that 
seawater intrusion has not occurred. 

5.1.2.1.1 Scaling and Biofouling 
Bioscaling and biofouling are technical complications that have arisen during the 
operation of the groundwater extraction, treatment, and recharge system at Area 6. 

Biofouling has resulted in a decrease in well flow rates (64 to 78 percent of assumed 
maximum flow rates) from the southern production wells (PW-4, PW-6, PW-7, PW-8, 
and PW-9).  Biofouling has been addressed through chemical addition and equipment 
cleaning and maintenance.  Hydrochloric acid (HCl) and sodium hypochlorite (NaOCl, an 
oxidant and disinfectant) have been added to the production wells.  A major well-
cleaning event occurred during March 1998 and included chemical addition (HCl, 
NaOCl, and/or surfactant) and swabbing of the wells.  Immediately following the cleaning 
in April and May of 1998, continuous injection of NaOCl to the production wells occurred 
for approximately 1.5 months, which actually resulted in increased biofouling due to 
metal precipitation.  New pumps were installed in three wells (PW-4, PW-7, and PW-9) 
in May 1998 immediately after NaOCl injection was stopped.  Flow rates from these 
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three wells initially increased; however, flow subsequently dropped within 2 weeks of 
new pump installation.  Following NaOCl addition, only HCl has been used to clean 
pumps and piping.  Pumps have been bumped (pumping water backward through the 
pump) to remove biofilms from the pump intakes.  More aggressive cleaning has been 
completed by adding HCl either to the pump or well and pumping the acid out.  In 
December 1998, pumps were removed from PW-6 and PW-9 for inspection and 
cleaning.  In March 1999, HCl addition and the use of a pressure washer wand in two 
wells (PW-4 and PW-9) resulted in an increase in flow rates.  Periodic additions of HCl 
have temporarily increased well production; however, pumps that were removed from 
the wells appear corroded.  The Grundfos submersible pumps are generally rated as 
having a 4-year operating life, but three pumps in the treatment system were replaced 
after only 2 or 3 years.  Biofouling of the treatment system has resulted in higher 
operation and maintenance costs; however, it has not appreciably impacted the overall 
effectiveness of the treatment system. 

In 1999, a biofouling technical memorandum (Hart Crowser, 1999) was prepared to 
discuss and evaluate possible remedies for biofouling in the groundwater pump and treat 
system.  The technical memorandum, Biofouling Technical Memorandum Naval Air 
Station Whidbey Island, Operable Unit 1, Area 6 Landfill, Whidbey Island, Washington 
(Hart Crowser, 1999) evaluated technologies to remove bioscale and manage biofouling 
(the evaluation addressed feasibility, effectiveness, and cost).  There is no practical 
method available that will eliminate bacteria, nutrients, dissolved iron, dissolved 
manganese, or dissolved oxygen (DO) from the southern production wells or from the 
treatment system because the wells are impacted by landfill leachate that contains 
dissolved metals and organic carbon sources.  Despite actions that have been taken or 
are recommended by the memorandum, some biofouling is expected to continue to 
occur.  Nonetheless, the technical memorandum recommended a modified well-cleaning 
program for maintaining extraction rates and minimizing biofouling.  Specifically the 
recommended modified program included: 

• a combined chemical and physical treatment involving jetting and surging 
chemicals into and out of the well formation to adequately clean the wells; 

• continuous addition of a metal sequesterant (chelators, citric acid, and NuWell 
310®) to the wells to extend the period between well cleanings; and 

• the pilot testing and full-scale implementation of an automated adsorption and 
filtration system to replace the current bag filter system. 

Because of the narrowing of pipe diameters due to iron bacteria (bioscaling), decreased 
flows and increased pressures have been observed.  The presence of iron bacteria has 
been an on-going problem for all parts of the system and has led to past system 
alterations (installation of the hypochlorite injection system), increased maintenance 
(more frequent filter bag changes at the treatment plant and shut-downs for in-well 
cleaning), and changed operating schemes.  On 11 September 2001, the discharge 
swale was shut down and all unnecessary valves (i.e., butterfly valves and check valves) 
on the swale line were removed in an effort to increase flow through the line. 
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Sodium hypochlorite (NaOCl) injection at the wells was discontinued in calendar year 
2000 as the process was deemed largely ineffective.  Routine mechanical cleaning, to 
include an increased frequency of mechanical cleaning, is the current manner 
implemented to address biofouling and bioscaling.  This has resulted in higher operation 
and maintenance costs; however, routine mechanical cleaning remains effective at 
addressing these technical operational issues. 

5.1.2.1.2 Natural Attenuation Study 
In accordance with the specific recommendations made in the initial Five-Year Review 
for Area 6, monitored natural attenuation was evaluated for its potential applicability. 

The U.S. Geological Survey (USGS) evaluated the effectiveness of natural attenuation 
(without the utilization of the existing extraction, treatment, and recharge system) at 
meeting the remedial objectives for chlorinated volatile organic compounds (VOCs) in 
shallow ground water at Area 6.  This study is documented in the publication Natural 
Attenuation of Chlorinated Volatile Organic Compounds in Ground Water at Area 6, 
Naval Air Station Whidbey Island, Washington (Dinicola et al., 2000). 

The VOCs of concern at the site are TCA, TCE, 1,2-dichloroethane (CDA), cis-1,2-
dichloroethene (cisDCE), 1,1-dichlorotethene (DCE), and VC.  The evaluation 
considered changes in contaminant concentrations over time, groundwater chemistry 
evidence for contaminant degradation at the site, and results from laboratory 
experiments demonstrating the potential for degradation of selected compounds in the 
Area 6 aquifer materials under ambient conditions.  The Domenico (1987) analytical flow 
and transport model embedded within the BIOSCREEN computer program was used by 
the USGS to evaluate the effectiveness of natural attenuation for controlling down-
gradient contaminant migration. 

The study concluded that conditions contrast for the two distinct groundwater plumes 
present at the Area 6 landfill due to the differences in contaminant sources, i.e., the solid 
waste landfill and the ground disposal of waste oils and solvents at an adjacent area. 

The study concluded that natural attenuation is a viable alternative to pump and treat for 
meeting remediation objectives in the vicinity of the southern contaminant plume.  The 
combination of historically low contaminant concentrations in groundwater, a landfill cap 
that limits source area contributions, favorable conditions for degradation of VC, and a 
relatively long down-gradient distance to potential receptors are all favorable for natural 
attenuation as a remediation alternative.  Natural attenuation could effectively meet all 
but one remediation goal that extraction wells PW-2, PW-4, PW-6, PW-7, PW-8, and 
PW-9 are currently being employed to meet.  The goal of preventing migration of all VC 
across the site boundary could not be met by natural attenuation.  Some VC would 
migrate south of the U.S. Navy property boundary, but the potential for subsequent VC 
mineralization down-gradient of the base and the existing institutional controls would 
result in minimal additional risk from using natural attenuation. 

The study also concluded that natural attenuation is not currently a viable alternative to 
pump and treat for meeting remediation objectives in the western contaminant plume.  
The pump and treat system appears to be more effective at limiting plume migration and 
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at removing TCA and TCE from shallow groundwater.  Immediate cessation of the pump 
and treat in the western plume would allow the existing plume to spread southward off-
base, and cleanup standards for TCA and DCE would likely be exceeded in a few years 
at down-gradient locations that could pose a risk to potential groundwater users.  There 
is a possibility that the rates for reductive dechlorination of TCE and TCA could increase 
substantially if the plume was allowed to migrate beneath the adjacent Oak Harbor 
landfill, but there is not enough data to be certain of such an increase.  Source area TCA 
and TCE concentrations have decreased substantially over the past 10 years and the 
extraction wells PW-3 and PW-5 in particular are removing a significant mass of 
contaminants from groundwater, so natural attenuation may be a viable alternative for 
the western plume at some point in the future. 

Some possible side benefits of using natural attenuation as an alternative to pump and 
treat in the southern contaminant plume were identified.  The first would be that the 
amount of treated water that would need to be recharged in the swale north of the landfill 
would be decreased resulting in less off-base migration of contamination across the 
western site boundary.  The second benefit would be a substantial reduction in the 
amount of dissolved iron and manganese being extracted from the shallow aquifer and 
run through the treatment system.  Removing that source of operation and maintenance 
problems would result in more effective containment and removal of contamination in the 
western contaminant plume. 

The study noted that a critical data gap is the paucity of contaminant chemistry 
information down-gradient of the U.S. Navy boundary in the vicinity of the southern 
contaminant plume.  Without such data, the behavior of the plume and the 
protectiveness of natural attenuation to down-gradient receptors cannot be verified, and 
field attenuation rates for VC cannot be determined directly.  The existing long-term 
monitoring (LTM) plan would need to be reviewed if natural attenuation is selected as a 
remedy for the contamination in the southern plume and, in particular, additional 
performance monitoring wells may be required down-gradient of the property. 

5.1.2.1.3 1,4-dioxane 
The compound 1,4-dioxane was very recently identified in the influent to the 
groundwater treatment system at Area 6.  A concentration of 14 parts per billion (ppb) of 
1,4-dioxane was identified in one sample collected.  This sampling was done at the 
request of the USEPA.  The compound has recently become a COC at other sites with 
contaminates that are similar to Area 6. 

The compound, 1,4-dioxane is not specified in the ROD for Area 6 and there currently is 
no established maximum contaminant level (MCL). 

The compound, 1,4-dioxane, was historically added to chlorinated solvents as a 
stabilizer (typically at 2 to 5% by volume) and is a cyclic ether compound that serves to 
inhibit reactions with metals, particularly aluminum salts. The compound is a probable 
human carcinogen and is known to damage human kidneys.  The compound is 
characterized as being extremely mobile in groundwater.  USEPA Region IX has 
established a "Practical Remediation Goal" of approximately 6 µg/L for 1,4-dioxane and 
the State of California has established "regulatory guidance" for 1,4-dioxane with a 
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Department of Health Services Drinking Water Action Level of 3 µg/L.  The State of 
California explains a Drinking Water Action Level to be a precautionary level that 
requires the water provider to notify its customers and provide information of its potential 
risks.  It is not a MCL that requires routine testing and may prohibit use.  If no MCL has 
been established, and if an Action Level is based on cancer risk and concentrations are 
detected at 100 times an Action Level, then water use should be suspended.  
Massachusetts, Maine and Michigan have established Drinking Water Standards (i.e., 
MCLs) for 1,4-dioxane of 50 to 85 ppb. 

The MTCA Method B groundwater cleanup level for 1,4-dioxane is 7.95 µg/L. 

Subsequent to the identification of 1,4-dioxane in the influent to the groundwater 
treatment system; groundwater monitoring for 1,4-dioxane was conducted at Area 6 
during the third quarter monitoring event in June 2003 .  This groundwater monitoring is 
documented in the Draft Third Quarter Technical Report, Area 6 Landfill, Groundwater 
Monitoring, June 2003, Naval Air Station Whidbey Island, Washington, August 2003 
(TEC, 2003b).  Eight production wells (PWs) were sampled and the compound 1,4-
dioxane was detected in all eight PWs (see Table 5-1 and Figure 5-1).  The detected 
1,4-dioxane concentrations ranged from a concentration of 4.5 µg/L in PW-5 to a 
concentration of 14 µg/L in PW-1.  The MTCA Method B groundwater cleanup level 
concentration (7.95 µg/L) was exceeded in production wells PW-6 (8.3 µg/L), PW-7 (13 
µg/L), and PW-1 (14 µg/L).  Twelve groundwater monitoring wells were sampled and the 
compound 1,4-dioxane was detected in seven of the 12 monitoring wells (see Table 5-2 
and Figure 5-1).  The detected 1,4-dioxane concentrations ranged from 0.39 µg/L 
(monitoring well 6-S-6) to 8.4 µg/L (monitoring well 6-S-29).  The MTCA Method B 
groundwater cleanup level concentration (7.95 µg/L) was only exceeded in one 
groundwater monitoring well (monitoring well 6-S-29, 8.4 µg/L). 

It is anticipated that the technical memoranda and/or quarterly reports prepared for Area 
6 subsequent to the date of this Review will address this emerging issue at Area 6.  
Should 1,4-dioxane be determined to be a future COC at Area 6; these studies and the 
next Five-Year Review shall address this compound. 

It should also be noted that in the mid 1990s, the U.S. Navy offered to provide all 
landowners potentially affected by the solvent contamination with an alternative water 
supply.  As additional investigations are conducted with regard to 1,4-dioxane,  the U.S. 
Navy shall review this offer. 

5.1.2.1.4 Residual VOCs in Vadose Zone 
Additional site characterization activities and removal actions were conducted during 
calendar year 2001 at the newly located waste oil pit suspected as the source of the 
Area 6 western plume.  These activities are documented in the Final Site 
Characterization Report, Site Characterization and Interim Removal Action at Area 6 
Landfill, Naval Air Station Whidbey Island, Washington (Foster Wheeler, 2001c) and in 
the Final Interim Removal Report (Foster Wheeler, 2002a). 
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Table 5-1 Area 6 - 1,4-dioxane Sample Results, Production Wells 
Well Identification Sample Identification Date of Sampling Analytical Results (µg/L) 

PW-1 16123 26 June 03 14 
PW-3 16122 26 June 03 6.2 
PW-4 16120 26 June 03 6.4 
PW-5 16115 26 June 03 4.5 
PW-6 16116 26 June 03 8.3 
PW-7 16117 26 June 03 13 
PW-8 16118 26 June 03 7.2 
PW-9 16119 26 June 03 6.5 

Table 5-2 Area 6 - 1,4-dioxane Sample Results, Monitoring Wells 
Well Identification Sample Identification Date of Sampling Analytical Results (µg/L) 

6-S-6 16113 25 June 03 0.39 
6-S-19 16104 24 June 03 6.5 
6-S-21 16102 24 June 03 7.1 
6-S-24 16105 24 June 03 ND (0.15) 
6-S-25 16112 25 June 03 ND (0.15) 
6-S-26 16101 24 June 03 6.0 
6-S-27 16106 25 June 03 ND (0.15) 
6-S-29 16103 24 June 03 8.4 
N6-37 16109 25 June 03 6.7 
N6-38 16110 25 June 03 7.2 
MW-05 16107 25 June 03 ND (0.15) 
MW-06 16124 26 June 03 ND (0.15) 
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Soil borings and soil vapor monitoring during these site characterization activities 
showed significant contamination at the location of the former waste oil pit (Foster 
Wheeler, 2001c) and it appeared likely that residual DNAPL was contributing to residual 
VOCs in the vadose zone at Area 6.  A removal action was conducted (Foster Wheeler, 
2002a) that included excavation, transport and treatment/disposal of contaminated soils 
from the location of the waste oil disposal pit.  Excavation activities were conducted from 
24 September through 29 November 2001. 

Approximately 1,360 cubic yards (2,040 tons) of contaminated, but non-hazardous soils 
and materials were excavated and transported off-site for thermal desorption and 
disposal; approximately 601 cubic yards (901 tons) of hazardous soils and materials 
were excavated and transported off-site for direct landfill disposal; and approximately 
354 cubic yards (531 tons) of hazardous, land disposal restricted (LDR) soils and 
materials were excavated and transported off-site for pre-treatment (bioremediation) and 
landfill disposal. 

Explorations for a suspected waste acid disposal pit were also conducted during the 
waste oil pit removal action.  These explorations found wide-spread low levels of VOC 
contamination, but found no area indicative of the presence of an acid disposal pit 
(Foster Wheeler, 2002a). 

A follow-on study evaluated the fate and transport of residual VOCs that remain in the 
soils at the location of site 55 at Area 6.  The findings of this assessment are 
documented in Assessment of Fate and Transport for Residual VOCs in Vadose Zone in 
Vicinity of Site 55 (Foster Wheeler, 2002b). 

The assessment concluded that there has been a strong stability in VOC concentrations 
in the vadose zone at Area 6 over the past 10 years; and that it appears likely that 
residual DNAPL was contributing to the stable soil gas concentrations observed. 

The assessment stated that soil gas data collected for Area 6 in January 1991 and those 
collected in September 2000 (Foster Wheeler, 2001c) were similar in extent and 
concentration (despite the surveys occurring 9.5 years apart) and found that good 
correlation existed between collocated soil gas and soil concentration data from the six 
soil monitoring well installations; therefore, no additional off-site data was collected. 

The assessment recommended that additional (future) vadose zone monitoring be 
conducted at Area 6 at select soil vapor monitor (SVM) locations to determine if the 
DNAPL source removal that was performed was effective at reducing VOC 
concentrations; however, no additional remediation of the vadose zone was 
recommended.  The assessment recommended that this additional round of vadoze 
zone confirmation sampling be conducted after a years time to determine VOC 
concentration trends.  Sampling is recommended for six SVM locations in Area 6 from 
the deepest depth interval (i.e., the depth interval immediately above the aquifer).  
Sampling is also recommended for two additional SVM locations, one adjacent to the 
former waste oil pit, and the second located near the property boundary, at four depth 
intervals.  If VOC concentrations remained at or near current levels in this additional 
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sampling round, such results would provide an indication of a continuing source that 
should then be the subject of additional investigations. 

The assessment also concluded that shutting down of extraction wells at Area 6 for 
testing purposes would not significantly impact plume capture for the intended durations 
of shutdown.  The application of the vadose zone flux to groundwater flow modeling 
simulations at Area 6 appeared to confirm that VOCs present in the vadose zone have 
the potential to maintain contaminant concentrations in the shallow aquifer that are of 
similar magnitude to current concentrations observed through groundwater monitoring.  
The assessment proposed two groundwater monitoring well locations (referred to as 6-
S-30 and 6-S-31) for new wells to support future monitoring. 

5.1.2.2 TECHNICAL ASSESSMENT 
The groundwater extraction, treatment, and recharge system implemented as the 
remedial action at Area 6 is functioning as intended; all exposure assumptions, toxicity 
data, cleanup levels, and remedial action objectives used at the time of the remedy 
selection are still valid; and no other information has come to light that could call into 
question the protectiveness of the remedy; however, the emerging issue of 1,4-dioxane 
needs to be investigated as soon as possible  

5.2 OPERABLE UNIT 2 
The remedial action objectives have been met at OU2, and institutional controls, 
including groundwater use restrictions, have been implemented at all OU2 areas.  The 
initial Five-Year Review (EFANW, 1998) referenced an additional groundwater 
monitoring event required for Areas 2/3, 4, and 29 at OU2.  The results of this additional 
sampling are discussed in the subsections that follow. 

5.2.1 AREA 2/3 

5.2.1.1 DISCUSSION 
Institutional controls, including groundwater use restrictions, remain in place at Area 2/3 
(see Sections 3.2.2 and 3.3.2) 

In December 2002, groundwater samples were collected from seven monitoring wells at 
Area 2/3.  The seven sampled wells were 3-MW-2, N2-3, N2-6C, N2-7S, N2-8, N2-9, 
and N3-12.  All groundwater monitoring samples were analyzed for VOCs, total arsenic, 
and total manganese.  Documentation of the groundwater monitoring is provided in the 
Draft Technical Memorandum, Letter Report for Environmental Monitoring at NAS 
Whidbey Island, dated 7 March 2003 (TEC, 2003a).  Select tables and figures from this 
technical memorandum are provided in Appendix E.  Table 1 (Appendix E) provides a 
summary of the groundwater monitoring samples collected at Area 2/3; Table 2 
(Appendix E) provides a summary of water level and field measurement results; Figure 2 
(Appendix E) provides the locations of the groundwater monitoring wells; and Table 4 
(Appendix E) provides the analytical results associated with the groundwater monitoring. 

VOCs were detected in trace amounts in the Area 2/3 groundwater samples.  A total of 
15 different VOCs were detected in the samples; however, 11 of these compounds were 
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detected only in the samples from N2-7S and N3-12.  The VOCs were petroleum-related 
compounds (benzene, toluene, o-xylene, and naphthalene) and chlorinated 
hydrocarbons (e.g., dichlorodifluoromethane [CFC-12] and cis-1,2-dichloroethene).  
Almost all of the VOCs were detected at trace levels between the Method Detection 
Limits (MDLs) and the Reporting Limits (RLs).  Only five VOCs were detected at levels 
above the RL, and all of these compounds were detected in the samples from N2-7S 
and N3-12.  CFC-12 was detected at a concentration of 2.9 µg/L in N3-12.  Vinyl chloride 
was detected at 11 µg/L, also at N3-12.  Cis-1,2-dichloroethene was detected at 1.4 µg/L 
at N3-12 and 0.54 µg/L at N2-7S.  Benzene was detected at 0.7 µg/L at N3-12 and 1.2 
µg/L at N2-7S.  Chlorobenzene was detected at 5.9 µg/L at N2-7S. 

A comparison of the VOC results with those discussed in the Revised Technical 
Memorandum, Post-ROD Groundwater Monitoring for Operable Unit 2 (URS, 1997) 
shows that VOC concentrations at N3-12 have decreased or remained stable since the 
last sampling round at the site, whereas VOC concentrations have increased slightly at 
N2-7S .  In that report, it was noted that VOCs were detected only at wells N2-7S and 
N3-12.  The current round of sampling also found VOCs only at these two wells.  
Benzene levels at N3-12 had dropped from 2 µg/L to 0.7 µg/L, whereas levels of vinyl 
chloride and cis-1,2-dichloroethene had remained relatively stable.  Only the vinyl 
chloride result exceeded the ROD Decision Criteria of 1 µg/L.  During the previous 
sampling round, only chlorobenzene was detected at N2-7S.  The current sample 
contained slightly higher levels of this analyte (5.9 µg/L in 2002, as opposed to 2 µg/L in 
1997).  Benzene and cis-1,2-dichloroethene were also detected at this well, but at levels 
below the ROD Decision Criteria. 

Many of the inorganic results exceeded the ROD Decision Criteria.  Arsenic was 
detected above the RL in the three groundwater samples collected from wells 3-MW-2, 
N2-3, and N3-12.  Arsenic concentrations in these samples ranged from 8.65 to 55.6 
µg/L.  All three of these results were above the ROD Decision Criteria of 7.7 µg/L.  
Manganese was detected in the four samples collected from wells 3-MW-2, N2-3, N2-
6C, and N3-12.  Manganese concentrations in these samples ranged from 61.8 to 5,270 
µg/L.  Manganese levels in N2-6C and N3-12 exceeded the ROD Decision Criteria of 
840 µg/L. 

It should be noted that the USEPA maximum contaminant level (MCL) for arsenic was 
recently reduced from a concentration of 50 µg/L to 10 µg/L (reference 66 Federal 
Register 6976, dated 22 January 2001).  The USEPA rationale for the MCL reduction 
was to statistically reduce the occurrences of non-fatal and fatal bladder cancer and non-
fatal and fatal lung cancer, as well as to reduce the frequency of occurrences of non-
carcinogenic diseases.  As the ROD Decision Criteria for arsenic at Area 2/3 is 7.7 µg/L 
arsenic, and this concentration is less than the revised MCL (10 µg/L); the remedial 
action objectives remain valid and the protectiveness of the remedy is not called into 
question. 

Sample results show that institutional controls, including groundwater use restrictions, 
should continue to be implemented at the site.  The exceedences of the ROD Decision 
Criteria for arsenic and manganese, as well as the slight increase in the levels of VOCs 
at N2-7S, indicate that, as expected, contamination is still present at the site and the 
conclusions reached in the Revised Technical Memorandum, Post-ROD Groundwater 
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Monitoring for Operable Unit 2 (URS, 1997) still apply.  As discussed in that report, 
groundwater use restrictions should remain in place at Area 2/3 (URS, 1997).  
Groundwater sampling for the next Five-Year Review should be conducted for the same 
parameters at Area 2/3 monitoring wells. 

5.2.1.2 TECHNICAL ASSESSMENT 
The remedial actions implemented at Area 2/3 are complete and institutional controls 
remain in place; all exposure assumptions, toxicity data, cleanup levels, and remedial 
action objectives used at the time of the remedy selection are still valid; and no other 
information has come to light that could call into question the protectiveness of the 
remedy. 

5.2.2 AREA 4 

5.2.2.1 DISCUSSION 
Institutional controls, including groundwater use restrictions, remain in place at Area 4 
(see Sections 3.2.2 and 3.3.2). 

In December 2002, groundwater samples were collected from two monitoring wells at 
Area 4.  The two sampled wells were 4-MW-1 and 4-MW-3.  Both groundwater samples 
were analyzed for arsenic.  Documentation of the groundwater monitoring is provided in 
the Draft Technical Memorandum, Letter Report for Environmental Monitoring at NAS 
Whidbey Island, dated 7 March 2003 (TEC, 2003a).  Select tables and figures from this 
technical memorandum are provided in Appendix E.  Table 1 (Appendix E) provides a 
summary of the groundwater monitoring samples collected at Area 4; Table 2 (Appendix 
E) provides a summary of water level and field measurement results; Figure 2 (Appendix 
E) provides the locations of the groundwater monitoring wells; and Table 4 (Appendix E) 
provides the analytical results associated with the groundwater monitoring at Area 4. 

In both of these groundwater samples, arsenic was detected above the RL.  Results 
were 8.8 µg/L at 4-MW-1 and 10.6 µg/L at 4-MW-3.  Arsenic levels in both of these wells 
have decreased slightly since the last round of sampling (URS, 1997).  The 
concentrations of the contaminant of concern at Area 4 appear to be stable; therefore, 
the remedies presented in the Post-ROD Technical Memorandum (URS, 1997) remain 
effective. 

As previously noted, the USEPA maximum contaminant level (MCL) for arsenic was 
reduced from a concentration of 50 µg/L to 10 µg/L.  As the ROD Decision Criteria for 
arsenic at Area 4 is 7.7 µg/L arsenic, and this concentration is less than the revised MCL 
(10 µg/L); the remedial action objectives remain valid and the protectiveness of the 
remedy is not called into question. 

5.2.2.2 TECHNICAL ASSESSMENT 
The soil excavation and restoration remedial actions implemented at Area 4 are 
complete and institutional controls remain in place; all exposure assumptions, toxicity 
data, cleanup levels, and remedial action objectives used at the time of the remedy 
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selection are still valid; and no other information has come to light that could call into 
question the protectiveness of the remedy. 

5.2.3 AREA 14 

5.2.3.1 DISCUSSION 
Institutional controls, to include groundwater use restrictions, remain in place at Area 14 
(see Sections 3.2.2 and 3.3.2).  Groundwater monitoring is not conducted or required at 
Area 14. 

5.2.3.2 TECHNICAL ASSESSMENT 
The soil excavation and restoration remedial actions implemented at Area 14 are 
complete and institutional controls remain in place; all exposure assumptions, toxicity 
data, cleanup levels, and remedial action objectives used at the time of the remedy 
selection are still valid; and no other information has come to light that could call into 
question the protectiveness of the remedy. 

5.2.4 AREA 29 

5.2.4.1 DISCUSSION 
Institutional controls, including groundwater use restrictions, remain in place at Area 29 
(see Sections 3.2.2 and 3.3.2). 

In December 2002, groundwater samples were collected from three monitoring wells at 
Area 29.  The sampled wells were 29-MW-4, N29-20, and N29-22D.  Documentation of 
the groundwater monitoring is provided in the Draft Technical Memorandum, Letter 
Report for Environmental Monitoring at NAS Whidbey Island, dated 7 March 2003 (TEC, 
2003a).  Select tables and figures from this technical memorandum are provided in 
Appendix E.  Table 1 (Appendix E) provides a summary of the groundwater monitoring 
samples collected at Area 29; Table 2 (Appendix E) provides a summary of water level 
and field measurement results; Figure 2 (Appendix E) provides the locations of the 
groundwater monitoring wells; and Table 8 (Appendix E) provides the analytical results 
associated with the groundwater monitoring at Area 29. 

All three groundwater samples were analyzed for arsenic.  In all three of these samples, 
arsenic was detected above the RL.  Results were 10.4 µg/L at 29-MW-4, 12.15 µg/L at 
N29-20, and 20.6 µg/L at N29-22D.  These results were above the ROD Decision 
Criteria of 7.7 µg/L.  Arsenic levels in these wells have remained relatively stable since 
the last round of sampling (URS, 1997), with concentration changes of less than 2 µg/L. 

The concentrations of the contaminant of concern at Area 29 appear to be stable; 
therefore, the remedies presented in the Post-ROD Technical Memorandum (URS, 
1997) remain effective. 

As previously noted, the USEPA maximum contaminant level (MCL) for arsenic was 
reduced from a concentration of 50 µg/L to 10 µg/L.  As the ROD Decision Criteria for 
arsenic at Area 29 is 7.7 µg/L arsenic, and this concentration is less than the revised 
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MCL (10 µg/L); the remedial action objectives remain valid and the protectiveness of the 
remedy is not called into question. 

5.2.4.2 TECHNICAL ASSESSMENT 
The soil excavation and restoration remedial actions implemented at Area 29 are 
complete and institutional controls remain in place; all exposure assumptions, toxicity 
data, cleanup levels, and remedial action objectives used at the time of the remedy 
selection are still valid; and no other information has come to light that could call into 
question the protectiveness of the remedy. 

5.3 OPERABLE UNIT 3 
5.3.1 AREA 16 

5.3.1.1 DISCUSSION 
Although Area 16 was remediated to cleanup levels that allow for unrestricted use, the 
area remains a limited access area due to NAS Whidbey Island airfield operational 
concerns and the U.S. Navy maintains the position that Area 16 is an industrial site and 
that cleanup standards that were defined in the ROD shall also apply to future dredging.  
Given this, institutional controls remain in place at Area 16 (see Section 3.2.2 and 3.3.3). 

Documentation of additional sediment sampling that was conducted at Area 16 in 
December 2002 is provided in Table 7, Appendix E.  Select tables and figures from this 
technical memorandum are provided in Appendix E.  Table 1 (Appendix E) provides a 
summary of the sediment samples collected at Area 16; Figure 5 (Appendix E) provides 
the locations of the sediment samples; and Table 7 (Appendix E) provides the analytical 
results associated with the sediment samples. 

PAHs were detected in all sediment samples collected at Area 16 with PAH 
concentrations in sample 5YRSED-1 being significantly elevated from the remainder of 
the sediment samples.  Arsenic was detected in all sediment samples collected at Area 
16 ranging in concentration from 3 to 14.3 mg/kg.  Lead was also detected in all 
sediment samples collected at Area 16 ranging in concentration from 9.4 to 540 mg/kg 
(the highest concentration associated with sample 5YRSED-1).  Diesel range organics 
(DRO) and residual range organics (RRO) were detected in all sediment samples 
collected at Area 16.  DRO concentrations ranged from 21 to 670 mg/kg and RRO 
concentrations ranged from 210 to 4,000 mg/kg.  Gasoline range organics (GRO) were 
not detected in any sediment samples. 

5.3.1.2 TECHNICAL ASSESSMENT 
The sediment excavation and confirmatory sampling remedial actions implemented at 
Area 16 are complete and institutional controls are in place; all exposure assumptions, 
toxicity data, cleanup levels and remedial action objections used at the time of the 
remedy selection are still valid.  While there was no human health risk identified at Area 
16, the Five Year Review sampling identified that there are locations that exceed ROD 
cleanup levels for ecological risk that could call into question the on-going protectiveness 
of the remedy. 
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5.4 OPERABLE UNIT 4 
Remedial actions at OU4, Seaplane Base, are complete, and OU4 was officially deleted 
from the Superfund NPL in September 1995.  USEPA written correspondence to NAS 
Whidbey Island documents that a Five-Year Review is not required for OU4 (USEPA, 
1995a); however, current USEPA guidance (USEPA, 2001) does require a review. 

5.4.1 AREA 39 

5.4.1.1 DISCUSSION 
Institutional controls remain in place at Area 39 (see Sections 3.2.2 and 3.3.4). 

5.4.1.2 TECHNICAL ASSESSMENT 
The soil excavation and restoration remedial actions implemented at Area 39 are 
complete and institutional controls remain in place; all exposure assumptions, toxicity 
data, cleanup levels, and remedial action objectives used at the time of the remedy 
selection are still valid; and no other information has come to light that could call into 
question the protectiveness of the remedy. 

5.4.2 AREA 41 

5.4.2.1 DISCUSSION 
Institutional controls remain in place at Area 41 (see Sections 3.2.2 and 3.3.4). 

5.4.2.2 TECHNICAL ASSESSMENT 
The soil excavation and restoration remedial actions implemented at Area 41 are 
complete and institutional controls remain in place; all exposure assumptions, toxicity 
data, cleanup levels, and remedial action objectives used at the time of the remedy 
selection are still valid; and no other information has come to light that could call into 
question the protectiveness of the remedy. 

5.4.3 AREA 44 

5.4.3.1 DISCUSSION 
Institutional controls remain in place at Area 44 (see Sections 3.2.2 and 3.3.4). 

5.4.3.2 TECHNICAL ASSESSMENT 
The soil excavation and restoration remedial actions implemented at Area 44 are 
complete and institutional controls remain in place; all exposure assumptions, toxicity 
data, cleanup levels, and remedial action objectives used at the time of the remedy 
selection are still valid; and no other information has come to light that could call into 
question the protectiveness of the remedy. 

5.4.4 AREA 48 

5.4.4.1 DISCUSSION 
Institutional controls remain in place at Area 48 (see Sections 3.2.2 and 3.3.4). 
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5.4.4.2 TECHNICAL ASSESSMENT 
The soil excavation and restoration remedial actions implemented at Area 48 are 
complete and institutional controls remain in place; all exposure assumptions, toxicity 
data, cleanup levels, and remedial action objectives used at the time of the remedy 
selection are still valid; and no other information has come to light that could call into 
question the protectiveness of the remedy. 

5.4.5 AREA 49 

5.4.5.1 DISCUSSION 
Institutional controls remain in place at Area 49 (see Sections 3.2.2 and 3.3.4). 

5.4.5.2 TECHNICAL ASSESSMENT 
The soil excavation and restoration remedial actions implemented at Area 49 are 
complete and institutional controls remain in place; all exposure assumptions, toxicity 
data, cleanup levels, and remedial action objectives used at the time of the remedy 
selection are still valid; and no other information has come to light that could call into 
question the protectiveness of the remedy. 

5.5 OPERABLE UNIT 5 
5.5.1 AREA 1 

5.5.1.1 DISCUSSION 
Visual monitoring of shoreline stability was required to be conducted at Area 1 on an 
annual basis for a period of 5 years beginning in 1998.  This shoreline stability 
monitoring has been conducted by Environmental Affairs Office personnel and properly 
documented.  The documentation of shoreline stability monitoring is sent via Facsimile to 
the USEPA on an annual basis.  The fifth (and final) shoreline stability monitoring event 
was recently completed by Environmental Affairs Office personnel in July 2002.  This 
monitoring indicated that only minor shoreline erosion is occurring along the coastline of 
Area 1. 

As prescribed in the initial Five-Year Review (EFANW, 1998), seep sampling was 
conducted along the coastline at Area 1 for this Review.  Seep samples were collected 
from five locations during December 2002.  These samples were analyzed for cyanide 
and inorganics (i.e., total and dissolved metals).  Documentation of this seep sampling is 
provided in the Draft Technical Memorandum, Letter Report for Environmental 
Monitoring at NAS Whidbey Island, dated 7 March 2003 (TEC, 2003a).  Select tables 
and figures from this technical memorandum are provided in Appendix E.  Table 1 
(Appendix E) provides a summary of the seep samples collected at OU5, Area 1; Figure 
4 (Appendix E) provides the locations of the seep samples; and Table 3 (Appendix E) 
provides the analytical results associated with the seep samples. 

Analytical results of seep samples (see Table 3, Appendix E) indicate only trace 
amounts of arsenic and low levels of manganese.  There were no detections of cyanide 
in any of the seep samples.  Antimony was only detected at levels below the RL in four 
of the samples; furthermore, these antimony results can probably be attributed to blank 
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contamination rather than actual contamination at the site.  Total arsenic was detected 
above the RL only at Seep #5 at a concentration of 14.6 µg/L.  Total manganese was 
detected in all five seep samples, with concentrations ranging from 55.5 to 334 µg/L.  
Dissolved manganese was also detected above the RL at Seeps #1 and #3, at 
concentrations of 6.3 and 119 µg/L, respectively. 

The risk assessment conducted for the OU5 ROD (URS, 1996) demonstrated that no 
contaminants of concern at Area 1 groundwater exceeded risk based screening 
concentrations.  Groundwater quality was therefore evaluated based on the protection of 
nearby marine surface water.  All seep sample results are therefore compared to state 
marine water quality standards, as given in WAC 173-201A.  Arsenic concentrations in 
the Area 1 seeps are well below the marine water quality standard of 36.0 ug/L.  Marine 
water quality standards for manganese are not given; however, manganese levels found 
in the Area 1 seep samples are comparable to background manganese levels found 
elsewhere at NAS Whidbey Island. 

5.5.1.2 TECHNICAL ASSESSMENT 
The remedial actions implemented and Area 1 are complete and remedial action 
objectives have essentially been met; all exposure assumptions, toxicity data, cleanup 
levels, and remedial action objectives used at the time of the remedy selection are still 
valid; and no other information has come to light that could call into question the 
protectiveness of the remedy. 

5.5.2 AREA 31 

5.5.2.1 DISCUSSION 
Recommendations were made that petroleum product recovery system components be 
shut down and mothballed by the end of December 1999 and periodic monitoring of 
groundwater conditions be conducted in support of the Five-Year Review.  This decision 
was supported by a steady decline in fuel recovery (see Table 5-3) and the initial 
reduction and now steady low values for biodegradation rates (see also Table 5-4; note 
that biodegradation rates are expressed as milligrams of contaminant consumed per 
kilogram of soil per day). 

The same decision and recommendations were reiterated in the quarterly technical 
reports for Area 31 for the operating periods of October - December 1999 (Foster 
Wheeler, 2000c) and January - March 2000 (Foster Wheeler, 2000d). 

Four groundwater monitoring wells immediately down-gradient of Area 31 (wells 
identified as OWS-1, OWS-2, OWS-3, and OWS-4) were monitored on an intermittent 
basis for total petroleum hydrocarbons – gasoline range organics (TPH-GRO), total 
petroleum hydrocarbons – diesel range organics (TPH-DRO), and total petroleum 
hydrocarbons by Method 418.1 (TPH-418.1) (see Table 5-5).  It was concluded from 
these monitoring results that groundwater contamination had not migrated (Foster 
Wheeler, 2000d). 
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Table 5-3 Area 31 - Free Product Recovery Cumulative Summary 

Quarter End Date Quarterly Amount (gal) Cumulative Amount (gal) 
July 1996 1 through April 1998 NA 830 

July 1998 10 840 
October 1998 32 872 

December 1998 ~9.6 881 
March 1999 ~1.6 882.6 
June 1999 ~1.2 883.6 

September 1999 0 883.82 
December 1999 0 883.82 
February 2000 0 883.82 

May 2000 2 0.6 884.4 

1 Inception of free product recovery system at Area 31. 
2 Last quarter where free product recovery system at Area 31 was active. 

Table 5-4 Area 31 - Periodic Average Biodegradation Rates 

Quarter End Date Average Biodegradation Rate (mg/kg day) 
August 1996 1 13.90 
January 1997 2.00 

April 1997 1.09 
July 1997 1.10 

January 1998 0.30 
July 1998 0.65 

March 1999 0.69 
July 1999 2 0.54 

1 First period where bioventing system at Area 31 was active. 
2 Last period where bioventing system at Area 31 was active. 

Table 5-5 Area 31 - Semi-Annual Groundwater Monitoring Results 
July 1998 to January 2000 

Parameter TPH-G (ug/L) TPH-D (mg/L) TPH-418.1 (mg/L) 
Monitoring 

Well 
OWS-
1-002 

OWS-
2-002 

OWS-
3-002 

OWS-
4-002 

OWS-
1-002 

OWS-
2-002 

OWS-
3-002 

OWS-
4-002 

OWS-
1-002 

OWS-
2-002 

OWS-
3-002 

OWS-
4-002 

July 1998 1000 <100 <100 <100 3.1 0.72 <0.24 <0.24 <1.0 <1.0 <1.0 <1.0 

January 1999 720 110 <100 <100 6.8 1.8 <0.24 <0.24 <0.95 <0.94 <0.95 <0.94 

July 1999 1900 <100 <100 <100 17 1.7 <0.24 <0.24 <0.96 <0.95 <0.95 <0.94 

January 2000 3100 <100 <100 <100 16 0.49 <0.25 <0.25 <1.0 <1.0 <1.0 <1.0 

Note: OWS-1-002 concentrations are the greater concentration of the environmental sample and duplicate sample. 
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A Draft Areas 31 and 52 Assessment Report, Operable Unit 5, Areas 31 and 52, Former 
Runway and Jet Engine Test Cell Fire School, Naval Air Station Whidbey Island, 
Washington, dated 7 February 2000 was prepared (Foster Wheeler, 2000a).  This 
assessment report summarized and evaluated product recovery and groundwater 
sampling at Area 31.  This assessment report concluded (for Area 31) that semi-annual 
groundwater sampling results showed that fuel contamination was not migrating off-site.  
Furthermore, the product recoveries and thickness measurements showed only limited 
amounts of free product, suggesting that active skimming, bioventing, and respirometry 
testing could be terminated.The product recovery and bioventing systems were shut-
down in March 2000.  The USEPA provided formal concurrence with the shut-down of 
the systems in a letter dated 19 May 2000. 

Groundwater monitoring is continuing at Area 31.  Sampling has been conducted 
quarterly since November 2001.  Groundwater monitoring has been conducted at 
monitoring wells OWS-1, OWS-2, OWS-3, OWS-4, and MW31-09A.  Field activities 
during the quarterly monitoring events included well head integrity checks, groundwater 
and product thickness measurements, well purging, sample collection, and site 
management. 

Monitoring results for three of the five sampled wells showed contaminant levels well 
below the cleanup levels (CULs), i.e., a CUL of 1,000 µg/L for TPH-DRO and a CUL of 
1,000 µg/L for TPH-GRO.  Samples from OWS-2 contained low levels of both TPH-GRO 
(79 to 210 µg/L) and TPH-DRO (120 to 340 µg/L).  Samples from OWS-3 contained low 
levels of TPH-DRO (2.1 to 110 µg/L).  Most of these results have been qualified as 
estimated, as they fall between the method detection limits and the practical quantization 
limits for that method.  Analytical results for samples from OWS-4 were below method 
detection limits for both TPH-GRO and TPH-DRO. 

Only two of the wells, OWS-1 and MW31-09A, showed results for TPH-GRO and TPH-
DRO above the CULs.  Table 5-6 presents the quarterly monitoring results for OWS-1 
and MW31-9A. 

In well OWS-1, the calendar year 2003 data for TPH-GRO show that TPH-GRO 
concentrations have decreased from the previous year by a factor of 2; however, for 
TPH-DRO concentrations, there is a clear upward trend from approximately 2,000 ppb 
identified in calendar year 2000 to approximately 11,000 ppb in July 2003. 

The sample results for OWS-1 are relatively stable but do show seasonal fluctuations.  
Contaminant levels generally decrease in the wetter months, as increased water flow 
dilutes the contaminants.  There is currently not enough data for MW31-09A to 
determine whether contaminant levels are stable and following the same seasonal trend. 
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Table 5-6 Area 31 - DRO and GRO concentrations (µg/L) at OWS-1 and 
MW31-09A 

Sampling Event Well OWS-1* Well MW31-09A 

Diesel Range Organics (DRO) [Cleanup Level – 1,000 µg/L] 

November 2001 3,800 NS 

January 2002 2,200 NS 

April 2002 1,700 8,300 

July 2002 2,100 13,000 

November 2002 800 3,100 

January 2003 3,600 14,000 

April 2003 7,400 6,600 

July 2003 11,000 6,100 

Gasoline Range Organics (GRO) [Cleanup Level – 1,000 µg/L] 

November 2001 4,500 NS 

January 2002 4,000 NS 

April 2002 2,800 1,600 

July 2002 4,200 2,600 

November 2002 2,500 1,900 

January 2003 1,700 2,300 

April 2003 2,000 1,900 

July 2003 2,400 1,800 

* The highest concentration of the routine sample and the duplicate sample was used. 
NS - Not sampled 
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To facilitate the collection of additional data at Area 31; two additional groundwater 
monitoring wells were installed during February 2003 to provide additional groundwater 
monitoring locations for further evaluation of Area 31.  The two monitoring wells installed 
were identified as MW31-34 and MW31-35.  Well installation activities, well locations, 
and similar data are documented in the Technical Memorandum, Final Well Installation 
Report, Areas 6 and 31, NAS Whidbey Island, Washington, dated 4 April 2003 (TEC, 
2003c).  It is intended that these wells will be monitored from this point forward to 
provide additional monitoring data to support the evaluation of and decisions regarding 
Area 31. 

It should be noted that the MTCA Method A groundwater cleanup levels have been 
revised since the date of the ROD for Area 31.  MTCA Method A groundwater CULs are 
currently 500 µg/L for TPH-DRO (formerly 1,000 µg/L as established in the ROD for 
Area 31) and 800 µg/L for TPH-GRO (formerly 1,000 µg/L as established in the ROD for 
Area 31).  Although the CULs for Area 31 were established by the ROD; these revised 
CULs are more stringent than the established CULs for Area 31 and warrant discussion 
in this Review.  Considering these revised CULs; the same two wells, OWS-1 and 
MW31-09A, showed results for TPH-GRO and TPH-DRO above the revised CULs (see 
Table 5-6 and associated discussion presented previously).  Also considering these 
revised CULs; no increased concerns are evident regard to potential contaminant 
migration (see Table 5-5 and associated discussion present previously). 

It should also be noted the CUL for manganese in groundwater has been revised from a 
concentration of 125 µg/L to 767 µg/L base on updated reference doses (RfDs) within 
the USEPA Integrated Risk Information System (IRIS).  As the revised CUL (767 µg/L) is 
less stringent than the CUL established for Area 31 (125 µg/L); the remedial action 
objectives remain valid and the revised CUL does not call into question the 
protectiveness of the remedy. 

5.5.2.2 TECHNICAL ASSESSMENT 
The petroleum product recovery system implemented at Area 31 functioned as intended 
and petroleum product recovery subsequently has ceased; all exposure assumptions, 
toxicity data, cleanup levels, and remedial action objectives used at the time of the 
remedy selection are still valid; and no other information has come to light that could call 
into question the protectiveness of the remedy. 

5.5.3 AREA 52 

5.5.3.1 DISCUSSION 
The remedial action objectives for Area 52 are in the process of being met and free 
product recovery operations, the associated maintenance, and monitoring actions are 
on-going.  Product recovery is to continue at Area 52 until recovery reaches its practical 
limits.  Product thickness measurements and water table measurements are made on a 
quarterly basis.  Seep sampling was conducted on a biennial basis until 1999. 

Institutional controls remain in place at Area 52 (see Sections 3.2.2 and 3.2.5). 
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The free product recovery system is operated and maintained in accordance with the 
Final Combined Operations and Maintenance Manuals, Operable Unit 1, Area 6, 
Operable Unit 5, Areas 31 and 52, Naval Air Station Whidbey Island, Washington 
(Foster Wheeler, 2000f). 

Free product is recovered from a variety of wells at Area 52, depending on product 
thickness measurements and product recovery rates.  Through the period covered by 
the initial Five-Year Review, approximately 210 gallons of free product petroleum was 
recovered at Area 52.  At the date of the initial Five-Year Review, product recovery rates 
were characterized as less than expected; however, operating adjustments have 
improved product recovery rates since the initial Five-Year Review (see discussion that 
follows). 

In September 1997, Foster Wheeler Environmental Corporation installed a temporary 
fuel recovery system in extraction well EW-1 at Area 52 (Foster Wheeler, 1998c).  The 
temporary setup demonstrated that EW-1 was a productive well for product recovery.  
This fuel recovery system was approved for long-term use by NAS Whidbey Island and 
continues to the date of this review. 

Due to contractual issues, active site work was briefly halted at the direction of EFANW 
during a period from late May through August 2000.  Both remedial skimming systems 
were inoperative during this time period.  Foster Wheeler Environmental Corporation 
began operating both of the skimming systems, implementing scheduled operation and 
maintenance (O&M), water level and free product level gauging operations, and field 
reporting in September 2000.  Since the restart in September 2000, the product recovery 
systems and the associated O&M, level gauging, and reporting activities at Area 52 have 
been in normal operation status. 

Table 5-7 presents product recovery volumes for Area 52.  Figure 5-2 illustrates the 
cumulative product recovered.  In addition to the product recovery volumes listed in 
Table 5-7 and illustrated in Figure 5-2, a total of 931.5 gallons of mixed product and 
water have been recovered as well (TEC, 2002c).  Recovery of mixed product and water 
is continuously minimized by adjustments of the system intake depths and through 
efficient operation of the recovery pumps.  A decrease in the amount of mixed product 
and water extracted during one quarter from the previous quarter (as was identified in 
TEC, 2002c) generally indicates more efficient operation of the recovery system. 

Seasonal variations in product recovery have been noted throughout the operation of the 
product recovery system.  First quarter product recovery rates are consistently lower 
than other quarters.  As the localized water table is lowered in proportion to mean sea 
level (msl) elevation and the groundwater flow gradient decreases, additional product 
recovery zone area becomes available in each system well.  This lowering of the 
groundwater table (most prevalent in the second and third quarters of the calendar year) 
effectively increases the overall potential efficiency of the product recovery skimming 
systems. 
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Table 5-7 Area 52 – Free Product Recovery Cumulative Summary 
Quarterly End Date Quarterly Amount (gal) Cumulative Amount (gal) 

November 1997 1 through July 1998 NA 210 
October 1998 112 322 

December 1998 32.2 354.9 
March 1999 6.1 361 
June 1999 59 420 

September 1999 141 561 
December 1999 90.2 651.2 

March 2000 12.2 663.4 
June 2000 106.85 770.25 

December 2000 2 107 877.25 
March 2001 22.98 900.23 
June 2001 44.44 944.67 

September 2001 45.69 990.36 
December 2001 14.37 1004.73 

March 2002 9.97 1014.17 
June 2002 11.42 1025.59 

September 2002 20.99 1046.58 

1 Inception of free product recovery at Area 52. 
2 Free product recovery non-operational at Area 52 from late May through August 2000. 

Figure 5-2 Area 52 – Free Product Recovery Cumulative Summary 
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On 13 and 14 July 1999, seep sampling was conducted at six locations (Foster Wheeler, 
1999g).  Seep sampling had been previously conducted at the same six locations. 

Seep samples were analyzed for TPH-GRO, TPH-DRO, VOCs, and semi-volatile 
organic compounds (SVOCs).  During this round of seep sampling, five detections were 
reported (Foster Wheeler, 1999g).  Three VOCs were detected at sample location 6 (n-
propylbenzene at 1 ug/L, sec-butylbenzene at 1 ug/L, and naphthalene at 12 ug/L.)  
TPH-GRO was also detected at sample location 6 at 220 ug/L.  TPH-DRO was detected 
at sample location 4 at 0.84 mg/L and 1.1 mg/L (average of 0.97 mg/L) and at sample 
location 6 at 0.30 mg/L.  The following bullets provide a comparison of the TPH-GRO 
and TPH-DRO sampling results with prior seep sampling results. 

• TPH-GRO was previously detected at 280 ug/L at sample location 4 in July 1997 
and not detected at sample location 4 in January 1998.  Both detections (280 
ug/L in July 1997 and 220 ug/L in July 1999) are below the MTCA Method A 
Cleanup Level (1,000 ug/L). 

• TPH-DRO was previously detected at 270 ug/L at sample location 4 in July 1997 
and not detected at location 4 in January 1998.  TPH-DRO was previously not 
detected at sample location 6. 

A Draft Areas 31 and 52 Assessment Report, Operable Unit 5, Areas 31 and 52, Former 
Runway and Jet Engine Test Cell Fire School, Naval Air Station Whidbey Island, 
Washington, dated 7 February 2000 was prepared (Foster Wheeler, 2000a).  This 
assessment report provided a detailed summary of product recovery, product thickness 
measurements, water table measurements, and seep sampling at Area 52.  For Area 52, 
this assessment report concluded the following. 

• Analytical results from the three rounds of seep sampling did not show repeated 
detections at the same location, and only five VOCs were detected over the three 
rounds of sampling.  It should be noted that none of the detected VOCs were 
listed in the ROD as contaminants of concern; furthermore, the detections were 
sporadic, with all but two detections being reported at the analytical method 
detection limit. 

• Product recoveries at Area 52 are seasonally influenced, with little or no product 
received in spring quarters (first quarter) and up to 60 gallons being recovered 
during the summer quarters (second quarter). 

• Data from two complete rounds of seep sampling have shown that no significant 
amounts of fuel or fuel-related VOCs are migrating from the site into the intertidal 
environment. 

The assessment report concluded that the lack of fuel migration and the fact that product 
recoveries and product thickness measurements showed limited amounts of free product 
suggested that the active skimming could be terminated (Foster Wheeler, 2000a). 

The recovery systems remain active and quarterly monitoring and reporting for Area 52 
is on-going as the USEPA and the U.S. Navy agree that continued product recovery and 
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monitoring is appropriate.  Seep sampling has been discontinued, although confirmatory 
seep sampling will be conducted after site remediation has been completed (EFANW, 
1998).  The most recent quarterly report (TEC, 2002j) concluded the following: 

• Overall, System No. 2 at Area 52 continues to function as intended and 
continues to effectively remove fuel product, although at a reduced rate.  
Skimming operations should continue until fuel recovery reaches its practical 
limits. 

• System No. 1 has not recovered product over the last three quarters, even 
though recoverable product has been measured in the system wells.  Additional 
focus should be placed on improving the product skimming efficiency of this 
system. 

5.5.3.2 TECHNICAL ASSESSMENT 
The product recovery system implemented at Area 52 is functioning as intended; all 
exposure assumptions, toxicity data, cleanup levels, and remedial action objectives used 
at the time of the remedy selection are still valid; and no other information has come to 
light that could call into question the protectiveness of the remedy. 
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Table 5-8 Summary of Issues 

 Issue: Affects 
Protectiveness (Y/N) 

Issue Current Future 

General.  Discussions with the USEPA on the overall topic of the 
implementation of institutional controls (i.e., land use controls) at DoD 
installations nationwide were resolved in October 2003. 

N N 

OU1, Area 6.  Technical complications associated with biofouling and bioscaling 
that have arisen during the operation of the groundwater extraction, treatment, 
and recharge system.  

N N 

OU1, Area 6.  Identification of the compound 1,4-dioxane initially, in the influent 
to the groundwater extraction, treatment, and recharge system; and 
subsequently, identification of the compound 1,4-dioxane above the MTCA 
Method B groundwater cleanup level concentration (7.95 µg/L) in groundwater 
samples from production wells and monitoring wells. 

? ? 

OU1, Area 6.  Vadose zone sampling indicates a strong stability in VOC 
concentrations in the vadose zone at Area 6 over the past 10 years; additional 
monitoring may be required to ensure the relatively recent removal of DNAPL 
source contributing to vadose zone VOC concentrations results in decreased 
VOC concentrations. 

N N 

OU3, Area 16.  Additional sediment sampling conducted at Area 16 indicates 
the presence of PAHs, arsenic, lead, DRO, and RRO.  The runway drainage 
ditches receive contaminants from non-point sources such as streets, parking 
lots, and runways. 

Y Y 

OU5, Area 52.  Recovery systems remain active and quarterly monitoring is still 
conducted; despite product recoveries and product thickness measurements 
showing limited amounts of free product suggesting that the active skimming 
free product recovery system can be terminated. 

N N 

OU5, Area 52.  System No. 1 has not recovered petroleum product in three 
quarters despite recoverable product being measured in the wells. 

N N 

OU5, Area 31.  There is an upward trend in the concentrations of TPH-DRO in 
one of the groundwater monitoring wells. 

N N 
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6.0 RECOMMENDATIONS / FOLLOW-UP ACTIONS 

General recommendations / follow-up actions with regard to the OUs at NAS Whidbey 
Island are discussed in Section 6.1 and recommendations / follow-up actions specific to 
individual OUs are discussed in Section 6.2.  Table 6-1 (pages 6-3 and 6-4) provides a 
summary list of all the recommendations / follow-up actions for this Review. 

6.1 GENERAL RECOMMENDATIONS / FOLLOW-UP ACTIONS 
Three general recommendations / follow-up actions are made with regard to the OUs at 
NAS Whidbey Island. 

• General.  The Draft ESD addressing OU1 through OU5 at NAS Whidbey Island 
should be finalized, as appropriate.  Implement institutional controls at OU1 
through OU5 in accordance with the Final ESD. 

• General.  The continued implementation of institutional controls at OU1 through 
OU5 at NAS Whidbey Island will be evaluated at the time of the next Five-Year 
Review. 

6.2 SPECIFIC RECOMMENDATIONS / FOLLOW-UP ACTIONS 
Various recommendations / follow-up actions are made in regard to specific OUs at NAS 
Whidbey Island.  These are detailed in the following subsections. 

6.2.1 OPERABLE UNIT 1 

• Area 5.  No specific recommendations made or follow-up actions necessary. 

• Area 6.  Continue the operation of the groundwater extraction, treatment, and 
recharge system (and the associated monitoring and reporting) in accordance 
with the Final Combined Operations and Maintenance Manuals, Operable Unit 1, 
Area 6, Operable Unit 5, Areas 31 and 562, Naval Air Station Whidbey Island, 
Washington (Foster Wheeler, 2000f).  Further investigate the presence and 
migration of the compound 1,4-dioxane in groundwater at Area 6 as soon as 
possible.  Evaluate the compound 1,4-dioxane as a COC at Area 6, conduct a 
human health and ecological risk assessment, and evaluate necessary remedial 
alternatives based on the findings of the assessment as soon as possible.  
Conduct additional monitoring of VOC concentrations in vadose zone soils to 
evaluate the effect of the DNAPL source removal action and to evaluate the 
migration of VOC compounds. 

6.2.2 OPERABLE UNIT 2 

• Area 2/3.  Continue groundwater use restrictions.  Collect an additional round of 
groundwater samples at the time of the next Five-Year Review.  Groundwater 
samples should be analyzed for VOCs, total arsenic, and total manganese. 
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• Area 4.  Continue groundwater use restrictions.  Collect an additional round of 
groundwater samples at the time of the next Five-Year Review.  Groundwater 
samples should be analyzed for total arsenic. 

• Area 14.  Continue groundwater use restrictions. 

• Area 29.  Continue groundwater use restrictions.  Collect an additional round of 
groundwater samples at the time of the next Five-Year Review.  Groundwater 
samples should be analyzed for total arsenic. 

6.2.3 OPERABLE UNIT 3 

• Area 16.  Ensure that institutional controls are in place to maintain Area 16 as an 
industrial area.  Continue to monitor the drainage ditch sediments for 
recontamination and evaluate compliance with Washington state MTCA 
standards for industrial sites.  Identify sources of recontamination and determine 
what, if any, additional measures can be taken to limit recontamination. 

6.2.4 OPERABLE UNIT 4 

• Area 39.  No specific recommendations made or follow-up actions necessary. 

• Area 41.  No specific recommendations made or follow-up actions necessary. 

• Area 44.  No specific recommendations made or follow-up actions necessary. 

• Area 48.  No specific recommendations made or follow-up actions necessary. 

• Area 49.  No specific recommendations made or follow-up actions necessary. 

6.2.5 OPERABLE UNIT 5 

• Area 1.  No specific recommendations made or follow-up actions necessary. 

• Area 31.  Continue with groundwater monitoring at Area 31 until the USEPA and 
the U.S. Navy jointly agree that monitoring is no longer necessary.  The USEPA 
and U.S. Navy should also evaluate whether or not additional treatment may be 
necessary. 

• Area 52.  Continue the operation of the product recovery system (and the 
associated monitoring and reporting) in accordance with the Final Combined 
Operations and Maintenance Manuals, Operable Unit 1, Area 6, Operable Unit 5, 
Areas 31 and 52, Naval Air Station Whidbey Island, Washington (Foster 
Wheeler, 2000f).  Conduct confirmatory seep sampling after site remediation is 
complete (i.e., after the shut down of the product recovery system) as per the 
initial Five-Year Review (EFANW, 1998). 
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Table 6-1 Recommendations and Follow-up Actions 

    Follow-up Actions: 
Affects 

Protectiveness (Y/N) 

 
Recommendation, Follow-up Action 

Party 
Responsible 

Oversight 
Agency 

Milestone 
Date 

 
Current 

 
Future 

General.  Continue with the implementation 
of institutional controls at OU1 through OU5. 

NAS Whidbey 
Island 

U.S. Navy On-going N N 

General.  Finalize the Draft ESD addressing 
institutional controls at OU1 through OU5 at 
NAS Whidbey Island.  Implement 
institutional controls in accordance with the 
Final ESD. 

USEPA, 
U.S. Navy 

U.S. Navy 12.31.04 N N 

General.  Evaluate the continued 
implementation of institutional controls at 
OU1 through OU5 at NAS Whidbey Island at 
the time of the next Five-Year Review. 

U.S. Navy U.S. Navy Next 
Five-Year 
Review 

N N 

OU1, Area 6.  Continue the operation of the 
groundwater extraction, treatment, and 
recharge system (and the associated 
monitoring and reporting). 

U.S. Navy U.S. Navy On-going N N 

OU1, Area 6.  Further investigate the 
presence and migration of the compound 
1,4-dioxane in groundwater at Area 6 as 
soon as possible.  Evaluate the compound 
1,4-dioxane as a COC at Area 6, conduct a 
human health and ecological risk 
assessment, and evaluate necessary 
remedial alternatives based on the findings 
of the assessment as soon as possible. 

U.S. Navy  U.S. Navy 12.31.04 N Y 

OU1, Area 6.  Conduct additional monitoring 
of VOC concentrations in vadose zone soils 
to evaluate the effect of the DNAPL source 
removal action and to evaluate the migration 
of VOC compounds.  As part of the U.S. 
Navy’s plan to optimize the pump-and-treat 
system, consider additional source removal. 

U.S. Navy U.S. Navy 6.30.05 N N 
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    Follow-up Actions: 
Affects 

Protectiveness (Y/N) 

 
Recommendation, Follow-up Action 

Party 
Responsible 

Oversight 
Agency 

Milestone 
Date 

 
Current 

 
Future 

OU2, Area 2/3.  Continue groundwater use 
restrictions. 

NAS Whidbey 
Island 

U.S. Navy On-going N N 

OU2, Area 2/3.  Collect an additional round 
of groundwater samples at the time of the 
next Five-Year Review.  Groundwater 
samples should be analyzed for VOCs, total 
arsenic, and total manganese. 

U.S. Navy U.S. Navy Next 
Five-Year 
Review 

N N 

OU2, Area 4.  Continue groundwater use 
restrictions. 

NAS Whidbey 
Island 

U.S. Navy On-going N N 

OU2, Area 4.  Collect an additional round of 
groundwater samples at the time of the next 
Five-Year Review.  Groundwater samples 
should be analyzed for total arsenic. 

U.S. Navy U.S. Navy Next 
Five-Year 
Review 

N N 

OU2, Area 14.  Continue groundwater use 
restrictions. 

NAS Whidbey 
Island 

U.S. Navy On-going N N 

OU2, Area 29.  Continue groundwater use 
restrictions. 

NAS Whidbey 
Island 

U.S. Navy On-going N N 

OU2, Area 29.  Collect an additional round 
of groundwater samples at the time of the 
next Five-Year Review.  Groundwater 
samples should be analyzed for total 
arsenic. 

U.S. Navy U.S. Navy Next 
Five-Year 
Review 

N N 

OU3, Area 16.  Identify sources of 
recontamination and conduct an evaluation 
to determine what, if any additional 
measures can be taken to prevent or limit 
recontamination. 

U.S. Navy U.S. Navy On-going Y Y 
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    Follow-up Actions: 
Affects 

Protectiveness (Y/N) 

 
Recommendation, Follow-up Action 

Party 
Responsible 

Oversight 
Agency 

Milestone 
Date 

 
Current 

 
Future 

OU5, Area 31.  Continue with groundwater 
monitoring at Area 31 until the USEPA and 
U.S. Navy jointly agree that additional 
monitoring is no longer necessary.  The U.S. 
Navy and the USEPA should evaluate 
whether or not additional treatment may be 
necessary.  Monitoring well MW31-11 should 
be added to the monitoring schedule for the 
parameter manganese. 

U.S. Navy USEPA, 
U.S. Navy 

On-going N N 

OU5, Area 52.  Continue the operation of 
the product recovery system (and the 
associated monitoring and reporting). 

U.S. Navy U.S. Navy On-going N N 

 



NAS Whidbey Island 

 

 

April 2004  6-6 

This page intentionally left blank. 

 



NAS Whidbey Island 

 

 

April 2004  7-1 

7.0 PROTECTIVENESS STATEMENT AND 
SUBSEQUENT FIVE-YEAR REVIEWS 

7.1 COMPREHENSIVE PROTECTIVENESS STATEMENT 
All remedies identified in the RODs for OU1 through OU5 have been constructed, 
implemented, and in some cases are complete.  These remedies remain protective of 
human health and the environment, or are expected to be protective upon completion for 
previously known COCs.  In the interim, a potential new COC at OU1 (Area 6) and the 
exposure pathways that could result in unacceptable risks are being investigated and 
further investigations are required at OU3 (Area 16) to evaluate recontamination. 

7.2 INDIVIDUAL PROTECTIVENESS STATEMENTS 
7.2.1 OPERABLE UNIT 1 
The compound 1,4-dioxane was recently identified in groundwater from Area 6 (see 
Section 5.1.1.2.3).  This sampling was done at the request of the USEPA because 1,4-
dioxane has recently been identified at other sites with similar solvent contaminates.  
The presence of 1,4-dioxane is being investigated and will be addressed as soon as 
possible.  Should 1,4-dioxane become a COC, remedial alternatives will be considered. 

Although contamination was not detected in earlier sampling of private potable water 
wells for the existing COCs, the potentially threatened parties were connected to an 
alternate and secure water supply.  Should 1,4-dioxane become a risk to additional 
private potable water wells, the U.S. Navy will consider extending the offer for 
connection to the alternative and secure water supply to additional parties.  These 
questions will be addressed in ongoing investigations and the next Five-Year Review. 

The current remedy at OU1 is expected to be protective of human health and the 
environment for the current COCs, and in the interim, exposure pathways that could 
result in unacceptable risks from 1,4-dioxane are being investigated. 

7.2.2 OPERABLE UNIT 2 
The remedy at OU2 is expected to be protective of human health and the environment 
upon completion, and in the interim, exposure pathways that could result in 
unacceptable risks are being controlled. 

7.2.3 OPERABLE UNIT 3 
Due to the discovery of elevated levels of contaminants in the runway drainage ditches, 
the remedy at OU3 may no longer be protective of human health and the environment; 
further evaluation is necessary. 

7.2.4 OPERABLE UNIT 4 
The remedy at OU4 remains protective of human health and the environment. 
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7.2.5 OPERABLE UNIT 5 
The remedy at OU5 is expected to be protective of human health and the environment 
upon completion, and in the interim, exposure pathways that could result in 
unacceptable risks are being controlled. 

7.3 SUBSEQUENT FIVE-YEAR REVIEW 
A subsequent Five-Year Review will be completed for the five OUs at NAS Whidbey 
Island on or before 5 years from the signature date of this review. 
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A.1 OPERABLE UNIT 1 
OU1 is comprised of Area 5 and Area 6 located at Ault Field (see Figure A-1 at the end 
of this appendix). 

Area 5.  Area 5 is an area approximately 50 feet (ft) long by 500 ft wide, historically used 
for gravel excavation.  It is bordered to the south by Ault Field Road and to the east by 
State Highway 20.  Although there reportedly is no documentation that industrial wastes 
were disposed of at Area 5, the area may have been used as a landfill between 1958 
and 1959.  Additionally, herbicides and pesticides were historically applied in Area 5 for 
the purposes of weed and insect control. 

Area 6.  Area 6 encompasses approximately 260 acres.  It is bordered to the north by 
Ault Field Road, to the east by State Highway 20, and to the south and southwest by the 
City of Oak Harbor solid waste landfill.  Industrial waste disposal took place between 
1969 and the early 1980s.  The associated disposal pit was approximately 40 ft long by 
15 ft wide by 10 ft deep and reportedly accepted a variety of industrial wastes including 
solvents, oily sludges, thinners, and other waste compounds.  A separate portion of Area 
6, consisting of approximately 40 acres, was used as a landfill for the disposal of 
household wastes generated by the U.S. Navy during the period from 1969 to 1992. 

A.1.1 Chronology of Events 
A chronology of events for OU1 is presented in Table A-1. 
 

Table A-1 Chronological Summary – Operable Unit 1 

Date Event 

September 1984 U.S. Navy conducted an Initial Assessment Study (IAS) at NAS Whidbey Island 
under the U.S. Navy Assessment and Control of Installation Pollutants (NACIP) 
program. 

1985 USEPA proposed that both Ault Field and Seaplane Base be nominated to NPL as 
separate areas. 

January 1988 U.S. Navy completed follow-up investigation and developed NAS Whidbey Island 
Current Situation Report (CSR). 

Summer 1989 U.S. Navy performed an accelerated Initial Investigation of Area 6 to assess whether 
groundwater contamination was present and whether water supply wells in the 
vicinity were or could be affected.  Groundwater contamination was confirmed.  The 
investigation determined that local water supply wells were unaffected; however, the 
potential for future impacts on the water supply wells did exist. 

1989 Washington State Department of Health (DOH) tested 13 public wells located within a 
one-mile radius of Area 6 and the Oak Harbor Landfill.  No organic compounds were 
found, and the results indicated that the drinking water supplies were unaffected. 

February 1990 USEPA officially included Ault Field on the NPL as a Superfund area. 
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Date Event 

September 1990 U.S. Navy conducted a Remedial Investigation/Feasibility Study (RI/FS) to determine 
the nature and extent of soil and groundwater contamination and to evaluate 
alternatives for the cleanup of contaminated areas. 

October 1990 The U.S. Navy, USEPA, and the Washington State Department of Ecology (Ecology) 
entered into a Federal Facilities Interagency Agreement (FFA).  The U.S. Navy 
agreed to perform a Hazardous Waste Evaluation Study. 

December 1990 
to May 1991 

Sampling conducted in six monitoring wells installed in the shallow aquifer within 
Area 5.  Sampling also conducted in some of the 28 monitoring wells installed in the 
shallow aquifer within Area 6 and the three wells installed in the Oak Harbor Landfill. 

Early 1991 During the RI/FS investigation, groundwater sampling results indicated that vinyl 
chloride concentrations in on-area monitoring wells within Area 6 exceeded maximum 
contaminant levels (MCLs) for drinking water and that contamination may be 
migrating off area. 

February 1991 Six surface water samples were collected from the intermittent stream in Area 6.  
TCE was detected at a concentration less than the USEPA Ambient Water Quality 
Criteria (AWQC) for protection of aquatic organisms.  Sediment samples were 
collected from the wetlands adjacent to Area 5, and analysis detected several 
inorganic analytes and pesticides.  Sediment samples were collected from three 
locations in Area 6, and analysis detected several inorganic analytes and pesticides. 

March 1991 Three surface water samples were collected from the wetland areas in Area 5.  
Analysis detected VOCs below the USEPA AWQC (TCE, 1,1-dichloroethane, and 
1,1-dichloroethene) as well as several inorganic analytes above the USEPA AWQC 
(zinc. lead, copper, cadmium, and silver). 

May 1991 U.S. Navy asks Washington State DOH to sample one public and six private wells in 
the vicinity of Area 6.  The seven wells are located to the south, east and southwest 
of the current landfill boundary.  No evidence of contamination was detected in these 
wells.  As a precautionary measure, the U.S. Navy began a program of voluntary 
water hookups to the public water supply system for landowners who were potentially 
affected. 

July 1991 
to October 1991 

Sampling conducted in six monitoring wells installed in the shallow aquifer within 
Area 5.  Sampling conducted in some of the 28 monitoring wells installed in the 
shallow aquifer within Area 6 and the three wells installed in the City of Oak Harbor 
landfill. 

April 1992 An Interim Action ROD was signed by the U.S. Navy, the USEPA, and the 
Washington State Ecology.  This committed the U.S. Navy to construct a 
groundwater extraction and treatment system at Area 6 to halt the migration of VOCs 
from the former industrial waste area (containment operations).  The system was to 
begin construction in 1993 and was scheduled to begin operation in the spring of 
1994. 

December 1992 Sampling conducted in some of the 28 monitoring wells installed in the shallow 
aquifer within Area 6 and the three wells installed in the Oak Harbor Landfill.  Private 
wells adjacent to the landfill were re-sampled.  No VOCs were detected; however, the 
U.S. Navy continued to provide connections to an alternate water supply to owners of 
private wells in the vicinity of Area 6. 

June 1993 Public Notice on the Proposed Plan for OU1. 
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Date Event 

July 1993 The U.S. Navy held a public meeting to discuss the Proposed Plan. 

August 1993 The USEPA held a public information meeting to further discuss the technical details 
of the proposed remedial actions. 

20 December 1993 Effective date of ROD for OU1 (URS, 1993c). 

 

A.1.2 Remedial Actions 
Area 5.  Based upon performance of risk assessments, ecological risk was identified for 
sediments and surface water in the wetlands adjacent to Area 5.  No source area was 
identified, and it was determined that remedial action would cause more environmental 
harm than the low levels of existing chemical contaminants 

No Action was deemed an appropriate remedial action for Area 5.  The U.S. Navy 
decided to conduct additional sampling and monitoring to determine whether metals 
levels were consistent with background or elevated above levels of concern for human 
health.  This monitoring was completed prior to the initial Five-Year Review and is 
discussed in that document (EFANW, 1998). 

Area 6.  Based upon performance of risk assessments, ecological risk was identified for 
Area 6 soils and for sediments and surface water from the intermittent stream at Area 6.  
No source area was identified, and it was determined that remedial action could cause 
more environmental harm than the low levels of existing chemical contaminants.  It was 
also determined that the greatest potential risk to human health at Area 6 was posed by 
the future movement of organic chemicals in the groundwater. 

There are two distinct groundwater plumes present at Area 6.  The first plume is referred 
to as the western groundwater plume and is near the former industrial waste disposal 
area (i.e., the former waste oil pit).  Multiple VOCs were detected at concentrations 
exceeding risk levels in the western groundwater plume  The second plume is referred to 
as the southern plume, and is in the southern part of the landfill where contaminants 
originate from the capped landfill (i.e., landfill leachate is the source).  Vinyl chloride was 
detected at concentrations exceeding risk levels in the southern groundwater plume. 

The remediation method selected for Area 6 was a combination of landfill capping and 
groundwater control actions (i.e., groundwater extraction, treatment by air stripping, 
groundwater recharge).  The selected remedy was aimed at restoring groundwater in the 
shallow aquifer to its beneficial use as drinking water by reducing contaminant 
concentrations to levels considered to be protective of human health and the 
environment.  Significant components of the selected remedial action included: 

• capping the landfill operations area trenches with a Minimum Functional 
Standards (MFS) cap; 
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• assessing the interim action extraction system to ensure that it achieves aquifer 
cleanup levels and to determine the need for additional source area extraction 
wells; 

• extracting groundwater from the shallow aquifer at the western boundary of the 
landfill, treating it by air stripping, and returning the treated groundwater to the 
shallow aquifer at an on-site location; 

• monitoring groundwater in the shallow, intermediate, and deep aquifers to assess 
the effectiveness of the groundwater treatment system; 

• monitoring private drinking water wells in the vicinity of the landfill; and 

• implementing institutional controls. 

A.2 OPERABLE UNIT 2 
OU2 is comprised of five areas located at Ault Field (see Figure A-2 at the end of this 
appendix).  These areas are identified as follows: 

• Area 2, Former Western Highlands Landfill; 

• Area 3, Former 1969-1970 Landfill; 

• Area 4, Former Walker Barn Storage Area; 

• Area 14, Former Pesticide Rinsate Disposal Area; and 

• Area 29, Former Clover Valley Fire School. 

It should be noted that, based upon their similar nature and close proximity, Areas 2 and 
3 were considered together in the RI/FS and the ROD and collectively identified as Area 
2/3, as they are here. 

Area 2/3.  Area 2 is a 13-acre former landfill that is located southwest of the current fire 
training school.  The southern boundary of Area 2 is defined by a gravel road and a 
fence, and a wetland is located near the eastern boundary of the area.  From 1959 to 
1969, the landfill was the principal disposal area for solid wastes generated on NAS 
Whidbey Island.  Reportedly, the landfill received industrial wastes as well as 
construction and demolition (C&D) debris.  The surface of the former landfill area is now 
covered with soil and is vegetated.  Area 3 is a 1.5-acre land parcel that is located east 
of Area 2 and southeast of the current fire training school.  Area 3 was used for disposal 
of solid wastes between 1969 and 1970 and the materials disposed of were similar to 
those at the Area 2 landfill.  The surface of the former landfill area is now covered with 
soil and is vegetated.  A forest of evergreen trees is located to the north of Area 3. 

Area 4.  Area 4 is a relatively flat parcel of land that is approximately 240 ft wide and 440 
ft long and partially covered with native grasses.  The area, which is fenced, is located 
approximately 400 yds west of Saratoga Street, northeast of the current fire training 
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school, and approximately 300 yds south of the U.S. Navy hospital.  A gravel parking lot 
is located at the area of the former Walker Barn in the southern portion of Area 4. 

Area 14.  Area 14 is an approximately 0.5-acre fenced land parcel that is located 
immediately south of Building 2555 and west of Langley Boulevard.  The southern and 
western boundaries of the area are defined by adjacent pasture lands.  A drywell was 
installed on the north-central edge of the area in 1973.  The drywell was located near an 
intermittent creek that originates from a spring in the northwestern corner of the area and 
flows southeast through Area 14 toward Langley Boulevard.  The former activities at 
Area 14 that resulted in contamination were the disposal of pesticide rinsate solutions. 

Area 29.  Area 29 is a 4-acre parcel located west of the intersection of Clover Valley 
Road and Golf Course Road in the southwestern portion of Ault Field.  The area is 
bounded by the U.S. Navy golf course to the south, Clover Valley Road to the north, and 
Golf Course Road to the east.  A 1,600-square-foot concrete pad is located in the center 
of the area.  A small surface drainage ditch extends northeast from the pad to another 
ditch along Clover Valley Road.  This surface drainage ditch eventually discharges into 
the wetland between Area 2 and Area 3. 

A.2.1 Chronology of Events 
A chronology of events for OU2 is presented in Table A-2. 
 

Table A-2 Chronological Summary – Operable Unit 2 

Date Event 

September 1984 U.S. Navy conducted an IAS at NAS Whidbey Island under the NACIP program. 

1985 USEPA proposed that both Ault Field and Seaplane Base be nominated to the NPL 
as separate areas. 

January 1988 U.S. Navy completed follow-up investigation and developed NAS Whidbey Island 
CSR. 

February 1990 USEPA officially included Ault Field on the NPL as a Superfund area. 

October 1990 The U.S. Navy, USEPA, and Washington State Ecology entered into an FFA.  The 
U.S. Navy agreed to perform a Hazardous Waste Evaluation Study. 

1993 Final RI/FS Report issued 

November 1993 Public Notice on the Proposed Plan for OU2. 

December 1993 Public meeting on the Proposed Plan for OU2. 

17 May 1994 Effective date of ROD for OU2 (URS, 1993d). 
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A.2.2 Remedial Actions 
A baseline risk assessment was conducted for OU2, including both a human health risk 
assessment and an ecological risk assessment.  The primary components of the risk 
assessments were: a) identification of the chemicals (contaminants) of concern; b) 
exposure assessment; c) toxicity assessment; and d) risk characterization. 

The potential human health risks calculated for OU2 resulted primarily from the presence 
of PCBs in soil at Area 4, bromacil and 2,4-dichlorophenol in groundwater at Area 14, 
and metals in groundwater at Areas 2/3, 4, and 29.  The metals responsible for the 
majority of the potential human health risks were antimony, arsenic, and manganese. 

The ecological risks calculated for OU2 resulted primarily from the presence of the PCB 
Aroclor 1260 and pentachlorphenol at Area 4, and 2,3,7,8-TCDD at Area 14.  Most of the 
ecological risks to the aquatic organisms in the wetland between Areas 2 and 3 were 
determined to derive from elevated levels of aluminum in the surface water and elevated 
levels of manganese, nickel, and copper in the sediments. 

The remedial actions selected for OU2 were intended to: 

• reduce risks to hypothetical future residents from groundwater contaminants at 
Area 2/3; 

• reduce the health risk to hypothetical future residents and the environmental risk 
to small mammals by remediating surface and near-surface soil containing PCB, 
PCP, and MCPP at Area 4 to meet state and federal standards; 

• reduce risks to hypothetical future residents by removing the sources of organic 
contamination (i.e., the drywell and surrounding soils) at Area 14. 

• reduce future exposure to Area 29 soil containing residual organic compounds 
that exceed state regulatory limits or present ecological risks; 

• reduce risks to hypothetical future residents from inorganic groundwater 
contaminants at Areas 4 and 29 by implementing residential use deed 
restrictions and, if necessary, implementing groundwater use restrictions; and 

• minimize the potential for migration of contaminants from surface soils to surface 
water or other media at Areas 4, 14, and 29. 

After consideration of primary and alternative remedial strategies, the following remedies 
were selected for OU2 areas. 

Area 2/3.  A combination of institutional controls and a 6-month groundwater monitoring 
program was selected.  The intent of the groundwater monitoring program was to 
confirm that concentrations of inorganics in groundwater were within background levels 
and below risk-based levels.  Two rounds (one in wet season, one in dry season) of 
groundwater samples were to be collected from OU2 background wells and area 
monitoring wells for analysis of total and dissolved metals.  In addition, the groundwater 
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was to be monitored for VOCs, concurrent with the inorganic sampling, and annually 
until the initial Five-Year Review. 

Area 4.  Excavation and off-area disposal of approximately 1,750 cubic yards (yd3) of 
PCB-contaminated soil were selected.  The excavation was to be carried out to an 
approximate depth of 3 ft; samples of the excavated soils were to be analyzed by 
Toxicity Characteristics Leaching Procedure (TCLP) to determine whether stabilization 
was required; and the soils were to be transported off area to a Toxic Substances 
Control Act (TSCA) permitted landfill for final disposal.  Confirmatory sampling was to be 
conducted to verify that cleanup levels had been met for the chemicals of concern 
(PCBs less than or equal to 1 ppm; PCP less than or equal to 8.33 ppm; and 2-(2-
Methyl-4-Chlorophenoxy) Propanoic Acid (2-((4-Chloro-O-Tolyloxy) Propionic Acid 
(MCPP) less than or equal to 80 ppm, respectively), and the excavated area was to be 
backfilled with clean soil and seeded.  In addition, low-stress groundwater monitoring 
was to be conducted to determine the level of inorganics in the groundwater for both on-
area and background wells.  It was determined that if the concentrations of inorganics 
exceeded established cleanup level objectives, then further actions such as institutional 
controls might be required. 

Area 14.  In Area 14, these remedies were selected:  pumping out of the drywell and 
monitoring well 14-MW-1; treatment of the extracted water (approximately 1,000 gallons) 
by carbon adsorption; disposal of the treated water to a POTW; excavation of the 
drywell, monitoring well, and approximately 420 yd3 of surrounding contaminated soil; 
and off-area disposal of the soils and decontaminated well casings.  Samples of the 
excavated soil were to be analyzed by TCLP to determine if solidification (treatment to 
immobilize contaminants within a solid mass such as concrete) was required prior to 
disposal.  Confirmatory sampling was to be conducted to determine whether cleanup 
levels had been met for the chemicals of concern (dioxin less than or equal to 0.0067 
ppb, and bromacil less than or equal to 7.0 ppm, respectively), and the excavated area 
was to be backfilled and re-vegetated.  Following soil removal, monitoring well 14-MW-1 
was to be reinstalled down-gradient of its original location and groundwater sampled 
during the wet season to confirm that the remediation effectively reduced 2,4-
dichlorophenol and bromacil in the groundwater to below cleanup levels (2,4-
dichlorophenol less than or equal to 48 ppb, and bromacil less than or equal to 70ppb, 
respectively). 

Area 29.  Excavation and disposal of approximately 1,400 yd3 of PCP- and PAH-
contaminated soil from several locations surrounding the burn pad were selected.  The 
soil was to be excavated to a depth of approximately 3 ft and transported to the NAS 
Whidbey Island landfill at Area 6 for final disposal.  The timing of disposal was to be 
coordinated such that it would be placed in the Area 6 landfill prior to installation of an 
MFS cap at Area 6.  Confirmatory sampling was to be conducted to verify that cleanup 
levels had been reached (PCP less than or equal to 8.33 ppm, and PAH less than or 
equal to 1 ppm, respectively), and the excavation was to be backfilled with clean soil and 
reseeded.  In addition, low-stress groundwater monitoring was to be conducted to 
determine the level of inorganics in the groundwater for both on-area and background 
wells.  If it was determined that concentrations of inorganics in the groundwater 
exceeded established cleanup level objectives, then further actions such as institutional 
controls might be required. 
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A.3 OPERABLE UNIT 3 
OU3 is comprised only of Area 16, also known as the Runway Ditches, located at Ault 
Field (see Figure A-3 at the end of this appendix). 

Initially, Area 31, also known as the Former Runway Fire School, was included as a part 
of OU3; however, based on the need for additional information and subsequent 
evaluation prior to making a decision regarding preferred remedial action for Area 31, 
the decision was made to remove Area 31 from OU3 and address it as part of OU5 (see 
Section A.5 in this appendix for detail regarding OU5). 

Area 16 comprises the eastern portion of Ault Field, including the flight-line area and the 
on-site drainage areas through Clover Valley.  The Clover Valley Lagoon and Dugualla 
Bay, which are both located east of the base boundary, were also included in the 
investigation because they are down-gradient from Area 16.  The Runway Ditches 
consist of approximately 9 linear miles of connected ditches and 1 mile of culverts that 
drain the runway area and receive discharge from many of the NAS Whidbey Island 
storm drain inlets.  The majority of the ditches eventually connect with the Clover Valley 
stream, which flows east toward the Clover Valley Lagoon and Dugualla Bay. 

The Clover Valley Lagoon serves as a catchment basin for approximately 7,000 acres of 
land, including most of Ault Field and some surrounding areas.  Discharge into the 
lagoon includes surface water from surrounding hills to the north and south, from 
wetlands in the southeastern portion of NAS Whidbey Island, and surface water runoff 
collected from Ault Field by the runway ditches and carried off-base by the Clover Valley 
stream.  Water flow within this stream measured at 4.6 cubic feet per second (cfs) in 
June 1992.  In the lower elevations of Clover Valley, the stream system may intersect 
the water table and receive groundwater input.  The lagoon water surface is maintained 
at several feet below mean sea level (MSL) by pumping water over a dike into Dugualla 
Bay.  Water from the uppermost portion of the lagoon is reportedly used to irrigate the 
surrounding agricultural fields and runoff from these fields drains into the lagoon.  

One ditch, located north of Runway 7-25, discharges directly into the Strait of Juan de 
Fuca.  This ditch only receives runoff from the runway and not from other storm drain 
inlets.  Some of the ditches contain no water during the dry season. 

The bottoms of the ditches near the runway vary in width from approximately 2 to 10 ft 
and range in elevation from slightly below MSL to 20 feet above MSL.  The banks of the 
ditches typically have a 30 to 45-degree slope and rise to a height of 5 to 10 ft above the 
base of the ditch.  Dense plant growth typical of wetlands is present in the base of the 
flowing ditches, except where the water exceeds 1 ft in depth.  Sediment buildup in the 
ditches was greater than 1 ft in thickness near storm drain inlet discharges and was less 
than 6 inches in thickness within the ditches east of Runway 13-31.  Until about 1981, 
the ditches were dredged with a dragline every 7 to 8 years.  During dredging, sediment 
was removed from the ditch base and reportedly placed along the ditch banks.  There is 
little or no evidence of dredged piles and the area is thickly vegetated. 

Three baffles have been installed along the runway ditches with the intent of retaining 
sediment and preventing culverts from becoming clogged.  The upstream (western-
most) baffle, south of Taxiway C, is constructed of concrete.  The two downstream 



NAS Whidbey Island  

 

April 2004  A-9 

baffles are constructed of wood.  The upstream baffle is constructed and operates in 
such a manner as to contain any floating petroleum product that may enter the ditches if 
a spill occurs on the flight-line.  The upstream baffle used to be equipped with an 
oil/water separator with an electric oil skimming recovery system that removed and 
containerized the floating product retained by the baffle.  The oil skimmer unit was 
inoperable at the time the ROD was issued (29 March 1995) and remains as such.  NAS 
Whidbey Island adopted a strategy of responding immediately to spill events if and when 
they occurred, with oil skimming operations being performed on an as needed basis by a 
spill responder using a vacuum truck. 

Because the runway ditch network is designed to handle stormwater drainage for Ault 
Field and the surrounding area, and because much of the land adjacent to the ditches is 
wetland area, Area 16 is assumed to lie within the 100-year flood plain. 

Environmental media sampled during the OU3 investigation included surface and 
subsurface soils, groundwater, ditch sediment, lagoon sediment, marine sediment, ditch 
surface water, lagoon surface water, marine surface water, and marine shellfish tissue.  
In general, samples were analyzed for VOCs, SVOCs, pesticides, PCBs, chlorinated 
herbicides, total petroleum hydrocarbons (TPH), and TAL inorganics.  Analyses for 
VOCs and TPH were not performed on shellfish tissues.  In addition, one of the soil 
samples and one of the ditch sediment samples were analyzed for dibenzo-p-dioxins 
and dibenzo-p-furans.  Dioxin and furan analyses were not part of the sampling scope 
developed in the project work plans, but the laboratory inadvertently analyzed the two 
samples for these parameters. 

All of the chemicals detected at Area 16 were evaluated through a series of initial 
screening steps to identify chemicals of potential concern for each of the sampled 
media.  The screening process included data validation to eliminate analytical results of 
inadequate quality, comparison with risk-based screening values, and comparison with 
background concentrations.  Chemicals not eliminated by the initial screening steps 
were further evaluated to determine COCs for each sampled medium.  COCs are 
defined as chemicals detected at concentrations that exceed human health and 
ecological risk threshold concentrations based on federal or state criteria. 

The COCs were determined from the results of the baseline risk assessment and 
through comparison of maximum detected concentrations with applicable or relevant and 
appropriate requirements (ARARs) of state and federal regulations.  The following COCs 
were identified for the sampled media at Area 16. 

Soil: Arsenic, beryllium, and manganese in both surface and 
subsurface soils.  Dioxin (2,3,7,8-TCDD), selenium, and TPH 
in surface soils. 

Groundwater: Arsenic and manganese. 

Surface water: Copper, lead, mercury, and silver in ditch surface water. 

Sediment (Ditches): At the time of the OU3 investigation (1995), no ARARs existed 
for freshwater sediments.  Numerous chemicals detected in 
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the ditch sediments were identified as COCs because of their 
significant contributions to ecological risk.  These included 
arsenic, lead, zinc, SVOCs (including many PAHs), pesticides 
(DDD, DDT, endosulfan, fensulfothion, methyl azinphos), and 
PCBs. 

Sediment (Lagoon): Cadmium, nickel, selenium, thallium, vanadium, and zinc in 
shallow area sediments.  Dieldrin, dimethoate, nickel, thallium, 
and vanadium in deep area sediments. 

A.3.1 Chronology of Events 
A chronology of events associated with OU3 is provided in Table A-3. 
 

Table A-3 Chronological Summary – Operable Unit 3 

Date Event 

September 1984 U.S. Navy conducted an IAS at NAS Whidbey Island under the NACIP program. 

1985 USEPA proposed that both Ault Field and Seaplane Base be nominated to the NPL as 
separate areas. 

January 1988 U.S. Navy completed follow-up investigation and developed NAS Whidbey Island 
CSR. 

February 1990 USEPA officially included Ault Field and Seaplane Base on the NPL as Superfund 
areas. 

October 1990 The U.S. Navy, USEPA, and Washington State Ecology entered into an FFA.  The 
U.S. Navy agreed to perform a Hazardous Waste Evaluation Study. 

1992 An RI/FS was conducted for OU3, which included Areas 16 and 31 at the time. 

January 1994 Final RI report issued. 

April 1994 Final FS report issued. 

July 1994 Proposed Plan addressing the U.S. Navy’s selection of preferred remedial actions was 
published for public comment. 

July 1994 A public meeting was held to present the findings of the OU3 investigations and to 
receive comments on the Proposed Plan. 

14 April 1995 Effective date of ROD for OU3 (URS, 1995). 

A.3.2 Remedial Actions 
The major components of the selected remedy included the following actions. 

• Sample and analyze sediments in the ditch segments identified as contaminated 
during the remedial investigation to determine the extent of contamination that 
needs to be removed. 
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• Compare the sample results to Resource Conservation and Recovery Act 
(RCRA) criteria for toxicity characteristic wastes (i.e., TCLP criteria in 40 CFR 
261.24) to determine whether the dredged sediments would need to be treated 
and disposed as hazardous waste or dangerous waste. 

• Dredge the sediments from those portions of the ditch segments determined by 
the sampling to be contaminated in comparison with the selected cleanup levels. 

• For those sediments determined to be non-hazardous waste, haul and place the 
dredged sediments at the Area 6 landfill so they will be incorporated under the 
final cover. 

• For any sediment determined to be hazardous waste, haul the dredged 
sediments to a permitted off-area facility for appropriate treatment and disposal. 

A.4 OPERABLE UNIT 4 
OU4 is comprised of the following five areas and is the sole OU that is located at 
Seaplane Base (see Figure A-4 at the end of this appendix): 

• Area 39, Auto Repair and Paint Shop; 

• Area 41, Building 25/26 Disposal Area; 

• Area 44, Seaplane Base Nose Hangar; 

• Area 48, Salvage Yard; and 

• Area 49, Seaplane Base Landfill. 

Seaplane Base is located on a peninsula that was built up with material dredged from 
Oak Harbor and Crescent Harbor in 1942.  The original connection between Maylor 
Point and the mainland of Whidbey Island was a narrow sand spit.  Most of the 
subsurface soils that are present result from past dredging operations.  The groundwater 
immediately below the area is characterized as brackish.  Potable water is piped in from 
the City of Anacortes.  Surface water runoff flows into Oak Harbor and Crescent Harbor. 

Area 39.  Area 39 was the location of a former auto repair and paint shop that was 
housed in Building 49.  From 1961 to 1965, an estimated 1,000 to 2,000 gallons of 
caustic radiator solvents were spilled on the ground northeast of Building 49.  
Approximately 2,000 gallons of radiator test tank water containing traces of sealant, 
antifreeze, soldering compounds, and acid were reportedly poured onto the ground 
south of Building 49 during the same period.  From 1956 to 1982, wastewater from an 
800-gallon paint booth was reportedly discharged up to once a week to the drainage 
ditch north of Building 49.  The wastewater probably contained paint residues.  As of 
1993, the building was used as a lawn mower shop and self-service facility for base 
personnel. 

Area 41.  Area 41 is located west of Area 39 and included Building 25 (which was 
demolished and, as of 1993, consisted of a concrete foundation), Building 26, and the 
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rock seawall located immediately west of the buildings.  Both buildings were used as 
paint shops in the 1940s and 1950s and later housed the pest control shop during the 
1960s.  Personnel reportedly discharged waste paint, thinners, solvents, and pesticides 
onto the seawall.  Since 1993, Building 26 has been used for the storage of flammable 
materials. 

Area 44.  Area 44, the Nose Hangar, which has since been demolished, was located at 
the northern end of a large paved apron area east of Marina Drive.  In the 1940s and 
1950s, the Nose Hangar was used as a service and maintenance center for seaplanes.  
Operations included steam cleaning and washing, fueling, lubricating, and parts 
cleaning.  Numerous 1 to 100-gallon aviation gas spills were reported that may have 
been washed into Oak Harbor through the Area 44 storm drain system.  As of 1993, only 
the foundation and concrete apron remained, and the area was used for storage of 
recreational boats and vehicles. 

Area 48 and Area 49.  Areas 48 and 49 are located to the east of the main Seaplane 
Base area immediately adjacent to Crescent Harbor.  Area 48 was a salvage yard for 
Seaplane Base from the 1940s to the late 1960s / early 1970s.  In the mid-1960s, a fire 
involving stored flammable materials occurred there, which reportedly resulted in 
unknown quantities of solvents, thinners, strippers, and paints being spilled onto the 
ground and marsh area.  Area 49 was a 3 to 4-acre landfill that was used between 1945 
and 1955 to receive all of the solid waste from Seaplane Base operations.  Seaplane 
Base repair and maintenance operations may have disposed of solvents, degreasers, 
paints, thinners, and strippers at this landfill.  Both Area 48 and Area 49 were covered 
with native grasses and have been used for recreational purposes since 1993. 

There is an area of wetlands located just north of Area 48 and Area 49, and the City of 
Oak Harbor operates a 20-acre wastewater stabilization lagoon within these wetlands.  
The outfall from the wastewater stabilization lagoon runs east of the former landfill and 
extends approximately 3,000 feet off-shore.  Historically, the wetland was a saltwater 
marsh; however, the beach-line has since been built up with rip-rap, essentially cutting 
off the saltwater marsh.  The wetland is hydro-geologically up-gradient of Area 48 and 
Area 49 and is fed by off-area streams.  The groundwater is brackish and is tidally 
influenced.  The ground slopes from the built-up area along the seawall toward East 
Pioneer Way.  There is no drainage, nor are there culverts across the road.  In Area 48 
and in Area 49, rainwater ponds during heavy rains and eventually infiltrates the ground. 

During the RI for OU4, surface and subsurface soil, marine sediment, groundwater, and 
surface water samples were collected and analyzed for VOCs, SVOCs, and TAL 
inorganics.  In Area 39, Area 41, Area 48, and Area 49, soil samples were also analyzed 
for chlorinated pesticides and PCBs.  In Area 41, where former activities included the 
activities of a pest control shop, additional analyses for organophosphorus pesticides 
and chlorinated herbicides were performed.  Marine tissue samples (mussels) were 
analyzed for SVOCs, chlorinated pesticides, PCBs, chlorinated herbicides, and 
inorganics from samples collected adjacent to Area 41, Area 44, Area 48, and Area 49. 

The following COCs were identified during the RI: 
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• Area 39.  Chromium, lead, PAHs, and pesticides (4,4-DDE and 4,4-DDD) in 
surface soils and sediments.  Lead and chromium were the most widespread 
COCs and were detected northeast of Building 49 and in the southern swale on 
the north side of the building.  Pesticides were detected in the drainage ditch 
adjacent to a road culvert.  The estimated volume of contaminated soil was 
approximately 260 yd3. 

• Area 41.  Pesticides (4,4-DDE and 4,4-DDT) were detected in shallow soils 
around the foundation of Building 25.  The estimated volume of contaminated soil 
was 2 to 5 yd3.  Pesticides were also detected in the marine sediments at depths 
greater than 4 to 8 inches, below the biologically active zone. 

• Area 44.  Lead and arsenic were identified in the sediments in the storm drain 
system (catch basin, sump, and manhole) as well as in the surface soils adjacent 
to the sump at the north edge of the concrete apron.  The estimated volume of 
contaminated soils was 20 to 30 yd3.  In addition, bis (2-ethylhexyl) phthalate was 
detected in suficial (0-4 inches) and subsurface (4-36 inches) sediment samples. 

• Area 48 and Area 49.  At the salvage yard in Area 48, PAHs were detected in 
soil samples.  At Area 49, PAHs were detected in groundwater samples and in 
one marine sediment sample (0 to 4-inch depth).  PCBs were detected in one 
subsurface (4-36 inches) sediment sample at Area 49. 

Various inorganic and organic contaminants were detected in groundwater at all areas 
associated with OU4; however, the potential for exposure to contaminants in 
groundwater near the shore was estimated to be low.  The groundwater in this area is 
not considered potable because coastal water bearing strata on Whidbey Island are at a 
high risk of saltwater intrusion, which would prevent the groundwater from being used as 
a potable water supply.  In addition, Whidbey Island County Department of Health 
regulations prohibit the development of private or public drinking water wells within 100 
feet of the mean high tide level. 

Mussel tissue was collected from five stations at Area 41, three stations at Area 44, and 
three stations at Areas 48 and 49.  Arsenic was the only COC detected in mussel tissue. 

Freshwater sediment samples were collected from four stations on the southern border 
of the wetland area near Area 48 and 49.  Samples were collected from three depth 
intervals (0 to 2 inches, 2 to 15 inches, and 15 to 36 inches) at each station.  The 
following COCs were detected in the wetland sediment samples: arsenic, cadmium, 
chromium, copper, lead, nickel, 4,4-DDD, 4,4-DDE, and 4,4-DDT. 

A single surface water sample was collected from the wetland area north of Area 48 and 
Area 49.  The COCs identified in this sample included: aluminum, chromium, copper, 
iron, lead, mercury, zinc, 4,4-DDD, 4,4-DDE, 4,4-DDT, and benzo(a)anthracene. 

A.4.1 Chronology of Events 
A chronology of events associated with OU4 is provided in Table A-4. 
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Table A-4 Chronological Summary – Operable Unit 4 

Date Event 

September 1984 U.S. Navy conducted an IAS at NAS Whidbey Island under the NACIP program. 

1985 USEPA proposed that both Ault Field and Seaplane Base be nominated to the NPL 
as separate areas. 

January 1988 U.S. Navy completed follow-up investigation and developed NAS Whidbey Island 
CSR. 

February 1990 USEPA officially included Ault Field and Seaplane Base on the NPL as Superfund 
areas. 

October 1990 The U.S. Navy, USEPA, and Washington State Ecology entered into an FFA.  The 
U.S. Navy agreed to perform a Hazardous Waste Evaluation Study. 

1992 An RI/FS was conducted for OU4, which included Areas 39, 41, 44, 48, and 49. 

June 1993 Final RI report issued (URS, 1993a). 

August 1993 Final FS report issued (URS, 1993b). 

August 1993 Final Proposed Plan issued. 

August 1993 Public Notice of Proposed Plan for OU4. 

September 1993 Public meeting to present the Proposed Plan. 

15 December 1993 Effective date of ROD for OU4 (URS, 1993e). 

 

A.4.2 Remedial Actions 
Based on the results of the human health and ecological risk assessments, the U.S. 
Navy determined that contaminants identified in the shallow soils, groundwater, and 
marine sediments at OU4 posed some human health risk to hypothetical future 
residents.  Several COCs exceeded the State of Washington Model Toxic Control Act 
(MTCA) criteria at Areas 39, 41, 44, and 48.  Additionally, CERCLA human health risks 
were identified at Areas 39 and 41. 

The remedial action objectives established for surface soils in Areas 39, 41, 44, and 48 
were to: 

• minimize contamination of surface soil; 

• minimize direct contact of humans and animals with COCs; 

• reduce concentrations of contaminants in the surface soil and Area 44 storm 
drain system sediments to comply with applicable state and federal regulations; 
and 
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• prevent further migration of the contaminants. 

A “No action” objective was recommended for groundwater. 

The U.S. Navy determined that the marine environment would be harmed more by the 
cleanup activities than if the contaminated marine sediments were left in place; 
therefore, it was decided that marine sediments would not be remediated. 

The U.S. Navy determined that damage to the environment from remediation of the 
wetland north of Area 48 and Area 49 would be greater than the potential benefit of such 
remediation; therefore, it was decided that the wetland would also not be remediated.  In 
an effort to establish that no contaminant migration pathways exist between Areas 48 
and 49 and the wetland, it was decided that surface water samples would be collected at 
five locations (one at the existing station and four at new locations), and groundwater 
samples would be collected from four existing monitoring wells. 

Based upon consideration of the requirements of CERCLA, the detailed analysis of the 
alternatives, and public, USEPA, and State of Washington comments; the U.S. Navy 
determined that Alternative 2 (deed restrictions) and Alternative 4 (excavation and on-
station or off-site disposal of excavated soils at a landfill) were the most appropriate 
remedies for OU4.  The selected remedies for OU4 were as follows. 

• Area 39, Area 41, and Area 48.  Excavation of contaminated soils and on-station 
disposal at the Area 6 landfill at NAS Whidbey Island Ault Field.  This remedy 
involves the removal and disposal of approximately 456 yd3 of surface soil from 
Area 39, 5 yd3 of shallow soil from Area 41, and approximately 1,000 yd3 of 
surface soil from Area 48.  The soil removal from Areas 39, 41, 44, and 48 was 
intended to meet regulatory soil cleanup standards established under the MTCA 
for the COCs. 

• Area 44.  Excavation, treatment if needed, and off-area disposal at an approved 
landfill of 1 yd3 of sediment and approximately 30 yd3 of surface soil.  The storm 
drain sumps, catch basins, and manhole in Area 44 were to be visually inspected 
to confirm that they were clean following removal of the sediment.  The removal 
was to be conducted in compliance with standards established under the MTCA 
for the identification and disposal of soils classified as dangerous waste.  The 
surface soils and sediments from the storm drain system were to be treated prior 
to disposal if they were designated as dangerous or extremely dangerous waste. 

• Area 49.  Placement of notification regarding the existence of a historic 
construction and demolition debris landfill on the deed when and if the U.S. Navy 
disposes of the property. 

A.5 OPERABLE UNIT 5 
OU5 is comprised of the following three areas located on Ault Field (see Figure A-5 at 
the end of this appendix): 

• Area 1, Beach Landfill; 
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• Area 31, Runway Fire Training Area; and 

• Area 52, Jet Engine Test Cell. 

It should be restated that Area 31 was originally included as part of OU3; however, 
based upon the need for further study and evaluation, and to avoid delaying the cleanup 
at the other OU3 area (Area 16), Area 31 was transferred to OU5. 

Area 1.  Area 1 is a 6-acre landfill located west of the intersection of Saratoga Street and 
Princeton Street and running parallel to the Strait of Juan de Fuca.  The area originally 
consisted of low-lying beach ridges with several salt marshes seaward of the historical 
bluff located west of Saratoga Street.  The area is now at an elevation similar to that of 
the former bluffs and has been completely filled in by U.S. Navy construction activities.  
Two small marsh areas remain: the central marsh, located in the middle of the landfill, 
which serves as a retention pond for a storm drain from Saratoga Street, and the 
southern marsh, located at the southwestern end of the landfill, which, as of 1996, 
remained at its original pre-landfill elevation.  The topography of Area 1 consists of a 
series of manmade terraces descending approximately 30 feet from Saratoga Street to 
the beach.  The landfill is located in the terraced area.  As of 1996, vegetation covered 
Area 1, with the exception of locations where wave actions have eroded the toe of the 
bluff.  Area 1 was used for disposal of demolition and construction debris (from the 
construction of Seaplane Base) between the 1940s and 1970s.  Some of the station’s 
waste was not only deposited, but burned at the landfill from 1945 to 1958.  Because the 
waste was burned, products of incomplete combustion may exist in the fill material.  
Erosion along the beachfront has exposed the fill in many areas.  Timbers, refuse, metal, 
and concrete blocks are present in the exposed areas along the shoreline bluff.  The 
approximately 10-foot high shoreline bluff that bounds the western edge of the landfill is 
situated above the high tide line.  The bluff descends to a narrow beach consisting of 
fine to coarse sand and cobbles. 

Area 31.  Area 31, which occupies approximately 20 acres on the northern perimeter of 
the base, is located approximately 400 yds northeast of the intersection of Runways 13-
31 and 7-25.  The area was used for firefighting training from 1967 to 1982.  Waste fuels 
such as aviation gasoline (AVGAS) and jet petroleum #5 (JP-5), waste oil, solvents, 
thinners, and other flammable materials were ignited and extinguished in a shallow 
concrete burn pad.  The entire area consisted of 1 to 2 acres, sloping gently southwest.  
The burn pad, roughly 50 ft by 50 ft, consists of a retaining lip around the perimeter and 
a floor that slopes toward a drain in the center.  A mixture of flammable liquids used for 
firefighting training was stored in a UST in the southeast corner of the area, 
approximately 175 ft from the burn pad.  Oily water from the burn pad was drained 
through underground piping to an oil/water separator located in the southwest corner of 
the drill area, approximately 200 ft from the burn pad.  After water was separated from 
floating product in the oil/water separator, it was discharged to a small earthen ditch that 
led to a depression in the southwest portion of Area 31 and subsequently drained to the 
runway ditches.  The remains of some of the materials burned in the pad were removed 
from the pad and piled in various areas on or near the perimeter of the drill area.  The 
piles consisted of ash and metal debris, including landing gear components and other 
aircraft parts. 
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Area 52.  Area 52 is an active facility where jet engines are tested.  The area is located 
southwest of the intersection of Saratoga Street and Enterprise Road.  The jet engine 
test cell area is paved, and the test cell building and associated support facilities are 
located in the center of the area.  As of 1996, the vegetation at Area 52 consisted of 
grasses and shrubs, and the unpaved western portion of the area was maintained as a 
volleyball court.  Area 52 has also been elevated to its current topography by the historic 
placement of fill materials into a low marsh area.  Two 10,000-gallon underground jet 
fuel storage tanks were located east of Saratoga Street.  The above-ground ancillary 
equipment is enclosed within a chain link fence.  An underground fuel supply line runs 
from the tanks to the engine test facilities.  Several buried utilities, a large storm drain, 
and other underground pipelines exist in the vicinity of the area.  Product releases 
associated with Area 52 include jet fuel, waste oil, and solvents.  Two major releases of 
jet fuel were documented in 1986 and 1987, and the spills reportedly occurred when the 
two USTs were being filled.  It was estimated that approximately 1,200 gallons of jet fuel 
was released from each spill and an unquantified portion of the spilled product was 
recovered at the time of the spill event.  Another potential source of non-jet fuel waste 
was identified near the northwest corner of Building 2610.  The source was an inactive 
sump that was constructed of concrete; however, little was known of the waste disposal 
practices employed at this location. 

Both Area 1 and Area 52 are located adjacent to the Strait of Juan de Fuca, a tidally 
influenced saltwater body.  Groundwater occurs under unconfined conditions within the 
beach deposits and glacial sands and gravels beneath the fill at both areas.  During 
seasonal wet periods, groundwater may rise into the bottom of the fill materials.  
Groundwater beneath Area 1 and Area 52 generally moves northwesterly to the strait; 
however, water table fluctuations may cause variations in the direction of flow where 
seasonal water table and daily tidal fluctuations affect the groundwater gradient. 

Environmental media sampled during the OU5 remedial investigation included surface 
and subsurface soils, groundwater, freshwater sediment, and surface water.  The 
following COCs were identified: 

• Area 1.  Petroleum hydrocarbons, copper, lead, and zinc were detected in soils.  
Lead, mercury, zinc, PCBs (Aroclor 1254 and Aroclor 1260), and TPH were 
detected in surface water.  Lead and PCBs (Aroclor 1254) were detected in 
sediment.  Cyanide, zinc, 1,1-dichloroethene, and bis (2-ethylhexyl) phthalate 
were detected in groundwater. 

• Area 31.  Three phases of environmental sampling have occurred at Area 31.  
During the OU3 RI, Phase I (June to August 1992) and RI Phase II (December 
1992), environmental sampling was conducted that involved the collection of 
surface and subsurface soil, groundwater, and ditch sediment samples.  Phase 
III environmental sampling consisted of three separate investigations (September 
to October 1994, January to February 1995, and Fall 1995) and involved the 
removal of one 4,000-gallon UST; collection of subsurface soil samples near the 
UST and associated piping; surface soil sampling near the burn pad and oil/water 
separator; subsurface soil sampling near the oil/water separator; removal of 
PCB-contaminated surface soils and confirmation sampling of surface soils; 
groundwater sampling near the oil/water separator; and collection of soil and 
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groundwater samples from three monitoring wells/boreholes in the vicinity of the 
former UST.  The COCs identified during these phases of environmental 
sampling included: 

- Phases I and II.  Beryllium, lead, indeno (1,2,3-cd) pyrene, PCBs (Aroclor 
1260), dioxins, and TPH were detected in surface and subsurface soil.  Lead 
was detected in ash samples.  PCBs (Aroclor 1260), benzene, dioxins, lead, 
manganese (total and dissolved), mercury, naphthalene, TPH, and toluene 
were detected in groundwater. 

- Phase III.  PCBs (Aroclor 1260) and TPH were detected in surface and 
subsurface soil.  Benzene, beryllium (total and dissolved), dioxins, lead, 
manganese (total and dissolved), pentachlorophenol, TPH, styrene, and vinyl 
chloride were detected in groundwater.  In addition, floating petroleum 
product was found on shallow aquifer groundwater in one monitoring well 
located near the oil/water separator. 

• Area 52.  Petroleum hydrocarbons were detected in soils.  Vinyl chloride (VC), 
benzo (a) anthracene, benzo (a) pyrene, benzo (b) fluoranthene, chrysene, 
indeno (1,2,3-cd) pyrene, and TPH were detected in groundwater.  In addition, 
floating petroleum product (JP-5) was observed on the groundwater at Area 52.  
The apparent thickness of the floating petroleum product layer, as measured in 
monitoring wells from 1990 through 1995, was approximately 0.5 ft.  Repeated 
measurements of the floating petroleum product indicated that the thickness of 
the layer was diminishing over time.  In December 1994, a treatability test was 
conducted to extract groundwater and floating petroleum product at the water 
table surface.  Active pumping was used in three extraction wells.  The results of 
the treatability test demonstrated that the floating petroleum product was not 
efficiently recoverable by active pumping. 

A.5.1 Chronology of Events 
A chronology of events associated with OU5 is provided in Table A-5. 
 

Table A-5 Chronological Summary – Operable Unit 5 

Date  Event 

September 1984 U.S. Navy conducted an IAS at NAS Whidbey Island under the NACIP program. 

1985 USEPA proposed that both Ault Field and Seaplane Base be nominated to the NPL 
as separate areas. 

January 1988 U.S. Navy completed follow-up investigation and developed NAS Whidbey Island 
CSR. 

February 1990 USEPA officially included Ault Field and the Seaplane Base on the NPL as Superfund 
areas. 

October 1990 The U.S. Navy, USEPA, and Washington State Ecology entered into an FFA.  The 



NAS Whidbey Island  

 

April 2004  A-19 

Date  Event 

U.S. Navy agreed to perform a Hazardous Waste Evaluation Study. 

1992 An RI/FS was conducted for OU3 (re: Area 31). 

January 1994 Final RI report issued for OU3 (re: Area 31). 

1994 to 1995 RI/FS conducted for OU5 (re: Area 1 and Area 52). 

June 1995 Final RI report issued for OU5 (re: Area 1 and Area 52). 

September 1995 Final (revised) FS report issued for Area 31. 

October 1995 Public Notice of the Proposed Plan for OU5 (now comprised of Area 1, Area 31, and 
Area 52). 

10 July 1996 Effective date of ROD for OU5 (URS, 1996). 

 

A.5.2 Remedial Actions 
Based upon human health and ecological risk assessments, one remedial action 
objective was established for groundwater at Area 1.  The objective was to confirm 
protection of ecological receptors in the marine environment by determining compliance 
with the water quality standards for marine surface waters at the point of groundwater 
discharge. 

Based upon the results of the risk assessments, the following remedial action objectives 
were established for groundwater at Area 52: 

• Prevent the migration of floating petroleum product from groundwater to marine 
surface water. 

• Confirm protection of ecological receptors in the marine environment by 
determining compliance with the water quality standards for marine surface 
waters at the point of groundwater discharge. 

Based upon the results of risk assessments, one remedial action objective was 
established for soil, ditch sediment, and ash at Area 31.  The objective was to prevent 
human exposure to lead in ash at concentrations above the USEPA soil action level.  
Two additional remedial action objectives were established for groundwater at Area 31: 

• Prevent migration of floating petroleum product and dissolved COCs that are 
present above ARARs in groundwater. 

• Prevent human exposure under the future residential scenario to the COCs in 
groundwater that are present at concentrations above state and federal cleanup 
levels. 
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Area 1.  Alternative 2, (limited action – institutional controls and environmental 
monitoring), was chosen based upon its overall effectiveness in proportion to its cost.  
The institutional controls were intended to prevent potential future human exposure to 
landfill contents or groundwater by preventing future development that may disturb the 
landfill and to prevent the installation of drinking water wells.  Land use restrictions were 
to be entered into the installation restoration area database that is part of the NAS 
Whidbey Island planning and management model.  The restrictions, which would be 
implemented by the U.S. Navy, were to include special requirements for any 
construction activities that may disturb the landfill, including the development of activity-
specific health and safety plans, environmental protection plans, and waste 
management plans.  In the event of property transfer, restrictive covenants on the 
property were to be recorded with the Whidbey Island County register of deeds.  The 
environmental monitoring program was to include groundwater sampling and biological 
surveys of the beach.  Visual inspections of the physical condition of the landfill bluff 
were also to be conducted annually for the first 5 years and the results documented. 

Area 31.  Alternative 3, bioventing and oil skimming, was chosen based upon its overall 
effectiveness in proportion to its cost.  Institutional controls were to be utilized to prevent 
human exposure to surface soil, subsurface soil, and groundwater containing COCs 
above cleanup levels.  The oil skimming, oil/water separator removal, and bioventing 
actions were intended to meet the remedial action objectives of reducing the sources of 
petroleum hydrocarbons that may cause groundwater contamination and stopping the 
spread of contaminants.  In addition, the U.S. Navy was to remove the ash piles at Area 
31 and dispose of them in accordance with state and federal regulations.  No 
confirmation sampling was to be conducted for the ash pile removal. 

Area 52.  Alternative 2, oil skimming, was selected to be implemented along with 
institutional controls and environmental monitoring.  Removal of free product was 
intended to meet the remedial action objective of preventing migration of floating 
petroleum product from groundwater to marine surface water. 
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Operable Unit 1, Area 5.  View of a portion of Area 5 that is more heavily vegetated.  Note 
the signage present demarcating Area 5 as a CERCLA site. 

 

 

Operable Unit 1, Area 6.  View of Area 6 landfill.  Area 6 landfill is covered with a minimum 
functional geosynthetic cap with a vegetative cover.  Note passive landfill gas vents in 
background. 
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Operable Unit 1, Area 6.  View of Area 6 groundwater extraction, treatment, and recharge 
system (extraction components at location of a production well). 

 

 

Operable Unit 1, Area 6.  View of Area 6 groundwater extraction, treatment, and recharge 
system (grassed swale recharge area).  Note the white perforated poly-vinyl chloride (PVC) 
discharge line. 
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Operable Unit 1, Area 6.  View of Area 6 groundwater extraction, treatment, and recharge 
system (treatment components, stripper tower [white], holding tank [green] and associated 
pumps/piping). 

 

 

Operable Unit 2, Area 2.  View of a portion of Area 2 that shows typical vegetation.  Note 
the signage present demarcating Area 2 as a CERCLA site. 
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Operable Unit 2, Area 3.  View of a portion of Area 3 that shows typical vegetation.  Note 
the signage present demarcating Area 3 as a CERCLA site. 

 

 

Operable Unit 2, Area 4.  View of majority of Area 4 that shows typical vegetation.  Note 
the signage present demarcating Area 4 as a CERCLA site. 
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Operable Unit 2, Area 14.  View of a portion of Area 14 that shows typical vegetation. 

 

 

Operable Unit 2, Area 29.  View of majority of Area 29 that shows typical vegetation.  
Note the signage present demarcating Area 29 as a CERCLA site. 
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Operable Unit 3, Area 16.  View of a portion of Area 16 that shows a “runway 
ditch” and typical vegetation. 

 

 

Operable Unit 3, Area 16.  View of a portion of Area 16 that shows a “runway 
ditch,” the concrete baffle, and typical vegetation. 
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Operable Unit 4, Area 39.  View of a majority of Area 39 that shows typical vegetation.  
Note groundwater monitoring well in photograph. 

 

 

Operable Unit 4, Area 41.  View of Area 41 that shows existing ground surface and 
vegetation.  Sea wall and Oak Harbor are present to the right in the photograph. 
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Operable Unit 4, Area 44.  View of Area 44 that shows existing ground surface. 

 

 

Operable Unit 4, Area 48.  View of a portion of Area 48 that shows typical vegetation.  
Crescent Harbor is present to the left in the photograph. 
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Operable Unit 4, Area 49.  View of a portion of Area 49 that shows typical vegetation.  
Crescent Harbor is present to the right in the photograph. 

 



NAS Whidbey Island  

 

April 2004  B-10 

This page intentionally left blank. 



NAS Whidbey Island  

 

April 2004  Appendix C 

APPENDIX C 
 

RESPONSE TO PUBLIC COMMENTS 
 

No public comments were received on the Draft Review; 
accordingly; Appendix C is reserved. 
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APPENDIX D 
 

OPERABLE UNIT 1, AREA 6, 
CUMULATIVE DATA 

 

Appendix D contains excerpts from the Final Third Quarter and Annual Technical 
Report, Operations of Interim Action Groundwater Extraction, Treatment, and Recharge 
System, Area 6 Landfill, Operating Period July - September 2002, Naval Air Station 
Whidbey Island, Washington, (TEC, 2002f).  Specifically, this appendix contains the 
following tables and figures from the above referenced technical report presented in the 
following order: 
 

Figure 3-1 Base Map for Area 6 
Table 4-1 Influent Sample Cumulative Summary 
Figure 5-1 Contaminant Trends in Influent at the Area 6 Treatment Plant 
Table 4-4 Production Well Sample Cumulative Summary 
Table 4-5a Monitoring Well Sample Cumulative Summary (6-S-21) 
Figure 5-3 Contaminant Trends at 6-S-21 
Table 4-5b Monitoring Well Sample Cumulative Summary (6-S-6) 
Figure 5-4 Contaminant Trends at 6-S-6 
Table 4-5c Monitoring Well Sample Cumulative Summary (6-S-25) 
Figure 5-5 Contaminant Trends at 6-S-25 
Table 4-5d Monitoring Well Sample Cumulative Summary (6-S-27) 
Figure 5-6 Contaminant Trends at 6-S-27 
Table 4-5e Monitoring Well Sample Cumulative Summary (6-S-19) 
Figure 5-7 Contaminant Trends at 6-S-19 
Figure 4-1 Concentration Contours (µg/L) for Trichloroethylene, July 2002 
Figure 4-2 Concentration Contours (µg/L) for 1,1,1-Trichloroethane, July 2002 
Figure 4-3 Concentration Contours (µg/L) for 1,1-Dichloroethane, July 2002 
Figure 4-4 Concentration Contours (µg/L) for cis-1,2-Dichloroethene, July 2002 
Figure 4-5 Concentration Contours (µg/L) for 1,1-Dichloroethene, July 2002 
Figure 4-6 Concentration Contours (µg/L) for Vinyl Chloride, July 2002 
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APPENDIX E 
 

ENVIRONMENTAL MONITORING 
 

Appendix E contains excerpts from the Draft Technical Memorandum, Draft Letter 
Report for Environmetnal Monitoring at NAS Whidbey Island, Washington, 7 March 2003 
(TEC, 2003a).  Specifically, this appendix contains the following tables and figures from 
the above referenced technical memorandum presented in the following order: 
 

Figure 1 Location of Study Areas 
Table 1 Summary of Sampling for NASWI Environmental Monitoring 
Table 2 Summary of Water Levels and Field Measurement Results for NASWI 

Environmental Monitoring 
Table 3 Analytical Results for Area 1 Seep Sampling 
Figure 4 Area 1 Seep Locations 
Table 4 Analytical Results for Areas 2 and 3 Groundwater Sampling 
Table 5 Analytical Results for Area 4 Groundwater Sampling 
Table 8 Analytical Results for Area 29 Groundwater Sampling 
Figure 2 Well Locations at Areas 2,3,4, and 29 
Table 6 Analytical Results for Area 6 Groundwater Sampling 
Figure 3 Well Locations at Area 6 
Table 7 Analytical Results for Area 16 Sediment Sampling 
Figure 5 Area 16 Sediment Locations 
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